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PREFACE 


Through  the  history  of  paediatrics  during  the  last  hundred 
years  runs  the  increasingly  prominent  theme  of  infant 
nutrition. 

One  hundred  years  ago  the  problem  had  not  been  recog¬ 
nized  and,  in  fact,  the  care  of  sick  children  had  not  developed 
as  a  specialty  of  medical  practice.  In  1891  Ballantyne* 
wrote  :  “Not  more  than  40  years  ago,  throughout  the  whole 
of  England  and  America  there  was  not  a  single  hospital  set 
aside  for  the  treatment  of  disease  of  children.” 

At  the  end  of  the  last  century  the  Continental  School 
under  the  stimulus  of  Philip  Biedert,  Cramerer,  and  Rubnerf 
commenced  the  scientific  study  of  infant  feeding.  Since 
then  an  immense  amount  of  knowledge  has  been  accumulated, 
both  of  the  physiology  of  the  infant  and  of  the  chemical  and 
physical  properties  of  his  natural  food — human  milk.  This 
knowledge  has  enabled  the  paediatrician  to  plan  more  scientific¬ 
ally  substitute  foods  when  human  milk  is  not  available. 

This  book  has  been  formulated  to  collect  the  information 
which  relates  to  those  aspects  of  the  physiology  of  the  foetus 
and  young  infant  directly  associated  with  nutrition,  and  data 
on  the  physical  and  chemical  properties  of  the  infant’s 
principal  food,  human  and  cow’s  milk.  The  original  task  of 
gathering  the  material  arose  from  a  personal  need  which 
could  not  be  satisfied  in  any  other  way.  The  book  is  thus 
largely  a  collection  of  the  relevant  and  related  facts  culled 
from  scientific  papers  published  in  periodicals  and  monographs 
during  the  last  two  decades,  with  occasional  references  to 
personal  experiences  and  observations. 

The  book  is  divided  into  parts  :  Part  1  is  devoted  to  some 
aspects  of  tissue  metabolism  ;  it  is  suggested  that  this  know- 
kdge  IS  necessary  to  enable  the  reader  to  appreciate  the 
forces  which  can  influence  fcetal  nutrition  and  the  secretion 

Edin^bui'sh  f  Oliver"!  ">  Dheaie,  of  Infancy. 
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PREFACE 


of  human  milk.  Part  II  presents  the  principles  of  foetal 
nutrition.  Recent  developments  in  the  science  of  nutrition 
have  shown  that  the  health  and  the  normal  growth  of  the 
young  infant  can  be  influenced  by  the  health  and  nutritional 
status  of  the  mother  during  the  pregnancy.  It  is  therefore 
necessary  to  know  something  of  the  relationship  of  maternal 
nutrition  to  foetal  nutrition.  Part  III  summarizes  existing 
knowledge  of  the  chemical  and  physical  properties  of  human 
milk.  Extensive  studies  during  the  last  few  years  have  shown 
that  human  milk  can  vary  in  composition,  and  although 
information  is  far  from  complete  we  do  know  some  of  the 
factors  that  are  responsible  for  variations  in  composition. 
Part  IV  deals  with  the  physiology  of  digestion  and  of  water 
balance  in  the  young  infant.  Part  V  sets  out  such  information 
as  is  available  relating  to  the  requirements  of  infants  for 
calories  and  the  main  nutrients.  Part  VI  is  the  clinical 
application  of  the  data  presented  in  the  previous  five  parts, 
with  a  chapter  devoted  to  the  main  deficiency  states  which 
occur  in  infants  and  young  children. 

The  author  is  well  aware  that  the  present  work  is  nothing 
more  than  an  introduction  to  the  subject,  for  the  science  of 
nutrition  is  expanding  rapidly  into  these  fields  and  many  of 
the  gaps  in  our  knowledge  will  be  filled  in  the  not  far  distant 
future.  It  was  the  writer’s  intention  to  assemble  known  facts 
from  a  wide  variety  of  sources  and  present  them  so  that  the 
paediatrician  and  mothercraft  nurse  might  have  them  readily 
available  to  the  increasing  benefit  of  the  infants  in  their  care. 

A  preface  affords  the  author  an  opportunity  to  thank  those 
who  have  assisted  in  the  task  of  the  preparation  of  the  book. 
I  express  my  thanks  to  my  friends,  with  whom  I  have  dis¬ 
cussed  many  of  the  problems,  particularly  Lorimer  Dods  of 
Sydney,^  Felix  Arden  of  Brisbane,  Douglas  MacKay  of 
Adelaide,  and  Kingsley  Norris  of  Melbourne.  In  preparation 
of  the  manuscript.  Miss  McNae,  Miss  Parsons,  and  Mrs. 
Powell  have  rendered  valuable  assistance.  To  Mr.  Stone 
I  am  indebted  for  the  graphs. 

F.  W.  C. 


June,  1949. 
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INFANT  NUTRITION 

ITS  PHYSIOLOGICAL  BASIS 


PART  I.  SOME  ASPECTS 
OF  TISSUE  METABOLISM 


Chapter  I 

SOME  ASPECTS  OF  TISSUE  METABOLISM 

The  ultimate  destination  of  a  high  percentage  of  the  nutrients 
in  the  food  eaten  by  the  healthy  individual  is  either  the  cells 
or  the  intercellular  spaces  of  the  body.  There  they  supply 
fuel  or  replace  the  substances  such  as  the  multitude  of 
enzymes  used  in  the  normal  workings  of  the  cell,  or  add  to 
the  size  or  number  of  the  cells  or  to  the  size  of  the  intercellular 
material. 

Growth  in  the  infant  and  child  is  the  result  of  the  deposition 
of  protein,  minerals,  and  water  in  particular  sites.  Of  these 
nutrients  protein  which  forms  new  protoplasmic  tissue  is 
probably  the  most  important,  being  the  essential  feature  of 
soft-tissue  growth  and  the  precursor  of  bone  growth.  It  is 
generally  thought  that  there  is  practically  no  increase  in  the 
number  of  muscle-  or  nerve-cells  after  birth,i  so  that  growth 
is  an  increase  in  the  size  of  individual  cells.  Since  from 
97  to  98  per  cent  of  muscle  plasma  is  made  up  of  protein 
(16  to  20  per  cent)  and  water,  it  follows  that  growth  of  muscle 
is  achieved  by  the  deposition  of  protein  and  water.  The 
formation  of  new  bone  is  proceeded  by  multiplication  of  the 
number  of  cartilage  cells  (growth)  in  the  area.  Protein  is 
needed  for  this  process. 

The  calcification  of  bone  calls  for  liberal  supplies  of  calcium 
and  phosphorus.  The  increase  in  the  number  of  red  blood- 
cells  which  must  follow  the  general  increase  in  body  size 
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demands  additional  iron.  All  cells  and  intercellular  spaces 
contain,  as  part  of  their  normal  constituents,  various  minerals, 
which  must  be  supplied  in  relatively  large  amounts  during 
the  growth  period. 

The  requirements  of  the  individual  for  those  nutrients 
which  will  supply  fuel  (carbohydrate  and  fat  in  infancy),  for 
those  which  will  assist  in  the  combustion  of  the  fuel  (minerals 
and  vitamins),  and  for  those  needed  for  the  development 
of  new  tissues,  can  be  obtained  from  two  sources — either 
from  the  food  eaten  each  day  or  from  stores  already  present 
in  the  body.  The  former  is,  of  course,  the  principal  source, 
but  under  certain  circumstances  the  body  stores  do  become 
important  sources  of  some  nutrients. 

A  knowledge  of  how  this  can  happen,  as  it  does  in  both 
the  pregnant  woman  and  the  young  infant,  is  important  for 
a  full  understanding  of  nutrition  in  these  individuals. 

It  was  thought  formerly  that  once  fat  or  protein  had  been 
deposited  in  the  appropriate  body  tissue  it  remained  there 
unless  withdrawn  during  starvation.  This  theory  of  a  static 
tissue  did  not  offer  an  explanation  of  the  mechanism  by  which 
fat  or  protein  is  withdrawn  in  starvation.  In  terms  of  this 
theory,  it  was  assumed  that  when  calcium  and  phosphorus 
were  deposited  in  bone  the  individual  molecules  remained 
fixed  wTere  deposited. 

Ideas  on  the  behaviour  of  metabolites  have  undergone  a 
marked  change  since  the  brilliant  work  of  Schoenheimer  and 
his  co-workers^  demonstrated,  with  both  fat  and  protein 
molecules,  that  the  body  tissues  are  not  static  but  in  a  constant 
state  of  flux. 

Summarizing  his  work  on  fat  metabolisih  with  isotopes  of 
hydrogen,  Schoenheimer  stated  “  The  fatty  acids  of  the 
depot  fat  are  to  be  regarded  as  being  constantly  transported, 
in  the  form  of  fats  or  phosphatides,  to  and  from  the  organs, 
where  fatty  acids  are  temporarily  liberated  by  rupture  of 
ester  linkages.  When  fat  is  absorbed,  the  acids  of  dietary 
origin  merge  with  those  from  the  depot,  thereby  forming 
a  mixture  indistinguishable  as  to  origin.  Part  of  the  liberated 
acids  are  converted  into  others,  while  new  ones  are  steadily 
formed  by  condensation  of  small  molecules  derived  from  other 
substances.  Some  of  this  pool  of  acids  is  degraded,  and  some 
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of  it  re-enters  ester  linkages  to  regenerate  fat,  which  is  trans¬ 
ported  back  to  the  depots.  All  these  complex  reactions  are 
so  balanced  that  the  total  amount  and  structure  of  the  fat 
mixture  in  depot,  blood  and  organs  remain  constant. 

“If  one  attempts  to  summarize  the  results  of  the  isotope 
work  on  fats,  one  is  compelled  to  conclude  that  the  norrnal 
animal’s  body  fats,  despite  their  qualitative  and  quantitative 
constancy,  are  in  a  state  of  rapid  flux. 

The  behaviour  of  muscle  tissues  is  similar.  The  protein  in 
the  various  organs,  including  those  in  muscle  and  the  blood, 
are  in  a  state  of  constant  degradation.  The  various  linkages, 
including  the  peptide,  open  and  the  fragments  liberated  are 
free  to  join  others  in  the  immediate  vicinity  or  are  transferred 
in  the  plasma  to  the  liver  or  other  organs.  Schoenheimer’s 
words  clearly  explain  the  phenomena  :  “  Components  of  an 
animal  are  rapidly  degraded  into  specific  molecular  groupings, 
which  may  wander  from  one  place  to  another.  The  chemical 
reactions  must  be  balanced  so  delicately  that,  through  regenera¬ 
tion,  the  body  components  remain  constant  in  amount  and  in 
structure.” 

Degradation  is  matched  immediately  by  regeneration,  both 
reactions  taking  place  under  the  influence  of  specific  enzymes. 
Thus  in  the  normal  adult  consuming  a  well-balanced  main¬ 
tenance  diet  the  release  into  the  blood-stream  of  the  products 
of  degradation  is  accompanied  by  a  simultaneous  deposition 
of  an  equal  amount  of  similar  materials  in  the  tissue,  where 
they  are  built  into  complex  tissue  molecules.  Substances 
used  for  the  latter  process  may  come  either  from  the  break¬ 
down  products  of  the  degradation  of  tissue  or  from  similar 
components  which  have  come  directly  from  the  diet. 
Schoenheimer^  showed  that  the  formation  of  ‘  new  ’  amino- 
acids  in  the  tissues  from  simpler  units  went  on  continuously 
even  though  the  diet  was  richly  supplied  with  those  specific 
amino-acids. 

Under  the  influence  of  forces  as  yet  unexplained,  a  priority 
exists  amongst  the  tissues  for  the  components  needed  for 
regeneration.  Thus  among  the  protein  tissues  plasma  has 
a  high  priority,  and  plasma  proteins  are  maintained  at  a 
constant  level  even  though  other  tissues  go  short.  Skeletal 
muscle  has  a  low  priority. 
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By  the  aid  of  this  theory  it  is  possible  to  build  up  an  explana¬ 
tion  of  the  variation  in  body-weight  that  accompanies  variations 
in  food  intake. 

In  the  normal  adult  on  a  constant  food  intake  the  entry  of 
nutrients  from  the  alimentary  canal  into  the  blood-stream 
ensures  a  certain  ‘  head  of  pressure  ’  of  the  nutrients  in  the 
blood-stream,  which  in  turn  enables  regeneration  to  proceed 
at  the  same  rate  as  degradation  in  all  tissue.  When  food 
intake  is  greater  than  the  demands  for  the  maintenance  the 
excess  creates  a  greater  ‘  head  of  pressure  ’  and  regeneration 
proceeds  at  a  faster  rate  than  degeneration,  especially  in  the 
‘  depot  ’  tissues,  i.e.,  fat  depots.  There  are,  of  course,  other 
factors,  especially  those  that  influence  the  metabolic  rate,  that 
will  influence  the  movement  of  nutrients  in  and  out  of  body 
depots.  In  the  non-mature  animal  protoplasmic  expansion 
(i.e.,  growth)  is  primarily  dependent  upon  the  presence  of  a 
satisfactory  ‘  head  of  pressure  ’  of  nutrients,  especially  protein, 
in  the  tissues.  Other  factors  in  growth  are  the  inherent 
capacity  of  some  tissues  to  expand,  the  inherited  potential 
of  the  individual,  and  the  products  of  certain  glands  of 
internal  secretion.^  Paramount  among  the  latter  is  the 
growth  hormone  of  the  anterior  pituitary  gland.  This  is 
itself  a  protein  and  adequate  secretion  of  this  hormone 
may  in  turn  depend  upon  the  state  of  nutrition  of  the 
gland. ^ 

When  food  intake  is  below  maintenance  levels  the  amount 
of  tissue  constituents  absorbed  from  the  alimentary  canal  into 
the  blood-stream  is  not  sufficient  to  ensure  that  the  ‘  head  of 
pressure  ’  will  keep  the  regeneration  rate  equal  to  the  degrada¬ 
tion  rate,  especially  in  the  tissues  with  a  low  priority.  The 
demands  of  the  high  priority  tissues,  for  example,  plasma,  for 
protein,  will  be  met  for  a  long  time  after  the  commencement 
of  the  inadequate  diet.®’  ®  W  hen  the  intake  of  nutrients  by 
the  infant  or  child  is  inadequate  to  meet  the  requirements 
for  energy  and  growth,  the  latter  ceases.  The  lines  of  arrested 
growth  frequently  seen  in  radiographs  of  infants  and  children 
are  evidence  of  the  failure  of  expansion  of  the  pre-calcification 
stage  of  bone.  Calcification  continues  in  the  terminal  portion 
of  the  already  formed  bone  and  this  is  the  heavy  line  seen  in 
the  radiograph.’^ 


ASPECTS  OF  TISSUE  METABOLISM 


5 


In  pregnancy  the  ‘  pool  ’  of  nutrients  in  the  blood-stream 
has  to  supply  the  raw  materials  for  the  continuous  regenera¬ 
tion  of  maternal  tissue  and  in  addition  must  meet  the  demands 
of  the  foetus.  I'he  placenta  seems  to  have  a  high  priority 
for  the  components  in  the  plasma,  possibly  on  a  purely 
mechanical  basis,  i.e.,  the  volume  of  blood  passing  through 
that  organ  in  a  unit  of  time  in  relation  to  other  organs  and 
tissues.  If  the  food  intake  of  the  pregnant  woman  is  adequate 
the  quantity  of  metabolite  components  w'hich  enter  the  blood¬ 
stream  from  the  alimentary  canal  either  directly  or  via  the 
liver  is  sufficient  to  replace  those  removed  by  the  placenta, 
and  the  balance  will  enable  the  regeneration  of  maternal 
tissue  to  proceed  at  the  same  rate  as  degradation. 

What  happens  when  the  intake  of  nutrients  by  the  pregnant 
woman  and  the  nursing  mother  is  low  is  of  the  utmost 
importance  in  any  consideration  of  the  factors  affecting  foetal 
and  infant  nutrition  and  maternal  well-being.  This  will  be 
the  subject  of  the  following  chapters. 
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Chapter  II 

F(ETAL  NUTRITION- 
GENERAL  CONSIDERATIONS 

An  inquiry  into  foetal  nutrition  is  the  study  of  the  influence 
of  maternal  nutrition  on  the  developing  foetus.  Direct 
evidence  gathered  from  the  newborn  infant  is  conflicting. 
On  the  one  hand  are  the  findings  of  many  investigations, 
summarized  by  Bruce  Murray,^  that  in  Europe  the  mean 
birth  weight  of  infants  born  during  and  immediately  after 
the  1914-18  war  was  not  lower  than  the  mean  birth  weight 
of  infants  born  in  the  previous  decade.  Investigations  con¬ 
ducted  by  Bruce  Murray  herself  into  the  effect  of  poverty 
upon  birth  weight  were  equally  conclusive.  For  this  worker 
stated  that,  “  if  there  is  any  connexion  between  income  and 
birth  weight,  it  is  in  any  case  exceedingly  small  and  of  no 
practical  importance  ”,  Garry  and  Wood,^  after  a  review  of 
the  literature,  concluded  that  there  was  no  satisfactory  evidence 
that  a  baby’s  birth  weight  can  be  influenced  by  dietary  means. 
Recent  research  in  Australia^  amongst  apparently  adequately 
fed  people  has  confirmed  this  conclusion. 

However,  these  statements  must  be  read  in  conjunction 
with  the  observations  made  during  the  famines  that  occurred 
in  Europe  in  World  War  II.  Smith^  found  that  during  the 
famine  in  Rotterdam  in  1944-5  the  birth  weight  of  infants 
fell  significantly  compared  with  the  control  periods  prior  to 
the  war  and  after  the  relief  arrived.  A  similar  drop  in  birth 
weights  was  noted  in  the  siege  of  Leningrad.^ 

In  addition  we  have  the  recorded  instances  of  infants  born 
with  deficiency  diseases.  Jackson  and  Park®  have  reported  a 
case  of  scurvy  in  an  infant  20  days  old  born  of  a  mother  with 
scurvy  ;  and  in  China,  Maxwell  and  his  co-workers^’  ®  have 


7 


FCETAL  NUTRITION  — GENERAL 


reported  several  cases  of  fcetal  rickets  in  infants,  the  offspring 
of  women  with  osteomalacia.  These  cases  and  the  experi¬ 
ences  in  the  recent  w’ar  suggest  that  some  factor,  almost 
certainly  the  level  of  maternal  diet,  does  influence  the  develop¬ 
ment  of  deficiency  diseases  in  the  newborn. 

Here,  it  seems,  are  conflicting  ideas.  Wherein  lies  the 
truth  ?  As  the  first  step  towards  a  solution  it  is  necessary  to 
know  the  composition  of  the  normal  full-term  infant. 

The  Composition  of  the  Newborn  Infant.— Huggett® 
has  reported  that  the  average  composition  of  the  full-term 
human  foetus  at  term  can  be  considered  to  be  as  follows  : — 


2420  g.  (74-2  per  cent) 
400  g.  (i2-2  per  cent) 
350  g.  (10-7  per  cent) 
90  g.  (  2-7  per  cent) 


Water 

Protein 

Fat 

Ash 


Shohl^°  has  calculated  the  mineral  content  of  the  newborn 
infant  from  data  provided  in  the  literature.  Working  on  the 
basis  of  100  g.  of  ash,  he  has  calculated  the  amount  of  the 
various  minerals  to  be  : — 


Sodium 


4- 7  g- 

5- 1  g- 
23-6  g. 

0-7  g. 
5-0  g. 


Potassium 

Calcium 

Magnesium 

Chlorine 

Phosphorus 

Sulphur 


58-4  g- 


The  balance  is  apparently  made  of  trace  elements  and  radicals 
(mostly  oxides) ;  of  these  the  radicals  undoubtedly  constitute 
the  major  portion. 

From  the  above  figures  it  is  evident  that  water,  protein, 
and  fat  are  the  principal  items  entering  into  the  birth  weight 
of  the  infant,  whereas  the  metabolites  associated  with  the 
development  of  the  deficiency  diseases  reported  in  newborn 
infants  form  probably  less  than  i  per  cent  of  the  total  body- 
weight  of  the  infant.  The  obvious  characteristic  of  the 
premature  infant  is  the  absence  of  subcutaneous  fat.  A 

seven-month  premature  infant  has  about  one-tenth  the  fat  in 
a  full-term  infant. 


An  investigation  into  the  factors  likely  to  influence  birth 
weight  IS  the  study  of  the  maternal  supply  and  the  placental 
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transmission  of  water,  protein,  and  fat.  As  will  be  pointed 
out  later,  carbohydrate  is  required  for  the  energy  needs  of 
the  foetus,  hence  the  supply  of  this  nutrient  in  relation  to  the 
activity  of  the  foetus  has  a  bearing  on  whether  any  excess 
carbohydrate  will  be  available  for  storage  as  fat  or  whether 
in  the  event  of  carbohydrate  supplies  being  insufficient  to 
meet  the  energy  demands  of  the  foetus,  protein  and  fat  will 
be  used  for  energy  and  will  not  thus  be  available  for  tissue 
building. 

Sontag^i  has  studied  the  relationship  of  birth  weight  to 
intra-uterine  activity  of  the  foetus.  Whilst  admitting  that 
such  factors  as  heredity  and  maturity  can  effect  birth  weight, 
this  author  drew  the  following  conclusions  from  his  study  of 
140  women  : — 

1.  Light  babies  may  be  either  active  or  inactive  foetuses. 
Inactive  babies  may  be  either  light  or  heavy  at  birth. 

2.  No  heavy  babies  were  active  foetuses,  no  active  foetuses 
were  heavy  babies. 

Sontag  concluded  that  “  active  foetus  cannot  store  large 
quantities  of  fat  ”.  Here  then  is  another  factor  that  may 
result  in  the  low  birth  weight  of  an  infant  born  of  a  woman 
whose  diet  throughout  pregnancy  was  adequate  in  all  respects. 

In  contrast  to  the  limited  number  of  food  items  that  can 
influence  birth  weight  is  the  fact  that  nutritional  status  of  the 
newborn  infant  must  be  judged  upon  the  adequacy  of  the 
maternal  supply  and  transmission  of  all  metabolites,  for 
vitamins  and  minerals  are  needed  for  the  satisfactory  utiliza¬ 
tion  of  the  energy-providing  nutrients. 
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Chapter  III 


F(ETAL  NUTRITION-CARBOHYDRATE,  PROTEIN, 
FAT,  AND  MINERALS 


All  the  materials  needed  for  the  growth  of  the  foetus  from 
initial  fertilization  of  the  ovum  to  parturition  of  the  mature 
embryo,  together  with  the  necessary  oxygen,  are  supplied  by 
the  mother,  who  also  excretes  the  waste  products  of  the 
metabolism  of  the  foetus.  The  interchange  takes  place  across 
the  placenta,  so  that  foetal  nutrition  resolves  itself  into  a  con¬ 
sideration  of  the  maternal  supply  of  nutrients  and  of  the  factors 
affecting  the  transfer  of  each  of  the  nutrients  across  the 
placenta. 


FACTORS  AFFECTING  PLACENTA  PERMEABILITY 
a.  Structure  of  Placenta.— In  any  consideration  of  this 
problem  it  is  apparent  that  the  structure  of  the  placenta  itself 
is  of  paramount  importance  and  this  varies  in  the  different 
zoological  types.  The  human  placenta  is  an  example  of  the 
hemochorial  type,  in  which  only  the  three  layers  of  fcetal 
chorion  (foetal  epithelium,  foetal  mesodermal  connective  tissue, 
and  foetal  endothelium)  lie  between  the  maternal  and  foetal 
blood  with  no  maternal  tissue  interposed.^’  ^  Of  all  types 
of  placentas  found  in  animals  this  form  presents  the  minimum 
cellular  barrier  between  the  two  circulations.  Needham  has 
pointed  out  that  the  nature  of  the  cellular  barrier  between 
the  two  circulations  will  influence  the  transmission  of  nutrients. 
For  this  reason  it  is  to  be  expected  that  the  maximum  transfer 
of  nutrients  would  occur  to  the  human  foetus  compared  with 
some  other  types,  as  for  example  the  cow,  which  has  m 
addition  three  layers  of  the  maternal  tissues.’  It  has  been 
shown^  that  colostrum  of  the  cow  is  up  to  loo  tunes  richer 
in  vitamin  A  than  mature  cow’s  milk,  and  that  t  is  is 
medium  by  which  a  large  quantity  of  this  nutrient  is  trans¬ 
mitted  to  the  young  animal.  Since  the  barrier  betiieen  the 
maternal  and  fcetal  circulations  in  the  human  is  three 
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thick  it  might  well  be  expected  to  transmit  larger  amounts  of 
the  substances  that  may  not  pass  easily  across  the  placenta 
in  the  cow,  which  has  additional  layers  of  cells.  Human 
colostrum  is  only  slightly  richer  in  vitamin  A  than  mature 
milk.  The  neonatal  human  infant  apparently  brings  a  stock 
of  vitamin  A  required  for  its  neonatal  existence  from  its  fcetal 
existence. 

The  differences  in  structure  of  the  placentas  of  various 
animals  and  the  human  makes  impossible  the  translation  of 
results  of  experiments  on  the  former  to  man. 

b.  Area  available  for  Transmission. — ^The  area  of 
contact  between  the  maternal  and  foetal  circulations  in  man  is 
very  great,  being  somewhere  between  lo  and  13  square  miles.^ 
Needham^  points  out  that  Grosser  has  drawn  attention  to  the 
relative  stagnation  of  maternal  blood  in  the  placenta  and  has 
shown  that  this  blood  is  removed  by  a  series  of  contractions 
“  which  squeeze  the  blood  out  like  a  sponge  ”.  The  contrac¬ 
tions  occur  at  approximately  hourly  intervals,  thus  allowing 
considerable  time  for  the  interchange  of  nutrients. 

c.  Structural  Changes  with  Age. — Harris,^  who  has 
studied  the  changes  that  occur  in  the  structure  of  the  placenta 
as  it  ages,  points  out  that  at  about  the  22nd  week  the  placenta 
has  reached  the  peak  of  its  development ;  after  this  age  the 
arteries  on  the  foetal  side  of  the  placenta  begin  to  undergo 
proliferative  endarteritis,  with  the  resultant  development  of 
“  patchy,  yet  massive  infarction  ”.  It  has  been  suggested^ 
that  these  changes  are  accompanied  by  an  alteration  in  the 
permeability  of  the  placental  tissues  to  certain  nutrients  and 
to  organisms,  as,  for  example,  spirochaetes.  The  spirochsete 
has  never  been  recovered  from  a  foetus  of  less  than  22-weeks’ 
gestation.'* 


From  the  6th  to  the  8th  month  the  degenerative  process  is 
accompanied  by  an  increase  in  volume  of  the  placenta  and 
the  volume  of  blood  flowing  through  the  placenta.*  From  the 
8th  month  onward  the  “  extent  of  the  obliterative  endarteritis 
and  infarction  is  such  that  the  volume  of  blood  flowing 
through  the  placenta  is  appreciably  reduced”.  In  a  later 
section  of  this  chapter  it  will  be  shown  that  it  is  during  the 
ast  mont^h  of  gestation  that  large  quantities  of  many  nutrients 
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The  senesence  of  the  placenta,  whilst  a  pathological  process, 
is  in  reality  a  regularly  occurring  event  that  is  apparently 
necessary  to  ensure  adequate  nutrition  of  the  foetus.  It  is 
only  when  the  processes  of  infarction  and  calcification  proceed 
far  beyond  the  ‘  normal  ’  that  the  life  of  the  foetus  is  endangered. 
Excessive  placental  destruction  by  infarcts  is  associated  with 
high  foetal  mortality. 


MATERNAL  SUPPLY  AND  PLACENTAL  TRANSMISSION 
OF  INDIVIDUAL  NUTRIENTS 

The  blood  passing  through  the  maternal  side  of  the  placenta 
is  the  immediate  source  of  the  nutrients  transferred  across 
the  placenta,  and,  as  will  be  shown  later,  it  is  from  the  plasma 
that  they  are  drawn. 

The  primary  source  of  all  nutrients  required  by  the  foetus 
must  of  course  be  the  maternal  diet,  but  between  these  two 
ends  of  the  supply  process  are  valuable  reserve  stores  of  most 
nutrients.  These  are  held  within  the  tissues  of  the  mother. 
In  the  following  section  the  relative  parts  played  by  dietary 
and  tissue  sources  of  nutrients  will  be  discussed.  The  trans¬ 
mission  of  nutrients  across  the  placenta  is  a  complex  procedure 
and  as  will  be  shown  it  apparently  varies  for  each  nutrient. 
The  problem  of  maternal  supply  and  placental  transmission 
must  therefore  be  considered  for  each  nutrient. 

Carbohydrate— Normally  the  human  foetus  derives  its 
energy  from  glucose,^  which  is  drawn  by  the  placenta  from  the 
maternal  blood.  Beyond  that  present  in  the  blood-plasma  and  m 
the  cellular  tissue  fluid,  glucose  is  not  stored  up  m  significant 
amounts  in  the  foetus.  Some  is  converted  into  glycogen  m 
the  liver  and  muscles  the  balance  left  after  meeting  the  energy 
requirements  is  transferred  into  fat  and  stored  as  such. 

In  the  normal  healthy  adult  the  concentration  of  glucose 
in  the  blood  (when  absorption  is  not  taking  place  from  the 
intestine)  is  70-100  mg.  per  100  c.c."^  The  range  o  t  e 
fasting  blood-sugar  of  a  pregnant  woman  is  generally  raised 
10-20  mg.  above  the  normal  range^  and  the  response  to  a  test 
dose  of  glucose  is  higher  than  in  the  non-pregnant  woman, 

usually  reaching  190-200  mg.  per  cent.® 

Fcetal  blood-sugar  is  constant  at  any  given  age,  but  rises 
towards  100  mg.  at  full  term.«  With  very  few  exceptions  the 
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blood-sugar  of  the  newborn  infant  has  been  found  to  be  less 
than  the  level  in  the  mother.  Morriss^  found  averages  of 
J15  mg.  per  cent  in  a  series  of  infants  at  birth  and  132  mg. 
per  cent  for  the  maternal  blood-sugars.  Similar  results  have 
been  obtained  by  other  workers.^”’  Where  the  blood-sugar 
is  elevated  in  the  mother  as  in  diabetes,  a  fcetal  hyperglycaemia 
occurs,  but  in  these  cases,  also,  the  level  of  glucose  is  less 
than  in  the  mother.  Browne^^  quotes  the  following  figures 
from  a  case  : — 

Maternal  blood-sugar  =  450  mg.  per  cent 

Cord  blood-sugar  =  200  mg.  per  cent 

Venous  blood  from  child  after  birth  =156  mg.  per  cent 

In  these  cases  the  blood-sugar  in  the  infant  returns  to 
normal  shortly  after  birth. 

Infants  born  of  diabetic  women  are  frequently  heavier  than 
normal. It  has  been  suggested  that  the  extra  glucose  trans¬ 
ferred  is  converted  into  fat. 

Ketteringham  and  Austin^^  gave  an  intravenous  injection  of 
glucose  to  a  number  of  women  in  the  second  stage  of  labour. 
These  were  follow’ed  by  rises  of  the  maternal  blood-sugar  to 
400-500  mg.  per  100  c.c.  and  values  of  270-41 1  mg.  per  cent 
were  found  at  delivery  with  corresponding  rises  in  the  foetus 
of  from  199  to  365  mg.  per  cent.  The  latter  bore  a  distinct 
relationship  to  the  former.  The  figures  in  the  newborn 
infants  fell  to  normal  in  2-3  hours. 

Le  Winn^^  has  described  a  case  of  hypoglycaemia  due  to 
hyperinsulinism  in  a  pregnant  woman  who  had  hypoglvcaemic 
s\  mptoms  twice  daily  during  labour.  The  blood-sugar  at  the 
end  of  the  second  stage  of  labour  was  107  mg.  per  cent.  The 
birth  weight  of  the  infant  was  within  the  normal  range. 
Thus  in  both  hyperglycaemia  and  hypoglycaemia  the  quantity 
of  sugar  transmitted  across  the  placenta  is  influenced  by  the 
level  of  the  maternal  blood-sugar. 

Early  in  pregnancy  the  amount  of  glucose  withdrawn  from 
the  maternal  blood-stream  is  greater  than  the  immediate 
requirements  of  the  foetus,  and,  as  the  latter  has  no  facilities 
tor  storage,  the  glycogen  accumulates  in  the  placenta,  first 
on  the  maternal  side  and  then  on  the  fcetal.i^  The  peak  of 
storage  is  m  the  second  month.ie  As  the  foetal  liver  develops 
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it  commences  to  store,  as  glycogen,  the  glucose  transmitted 
in  excess  of  immediate  requirements.  The  concentration 
increases  with  age,^’  and  the  liver  of  the  full-term  infant 
contains  appreciable  quantities  of  glycogen  ;  however,  this  is 
apparently  not  excessive,  for  it  is  only  enough  to  meet  the 
energy  needs  of  the  newborn  for  an  hour  or  so.^’ 

The  method  of  transmission  of  glucose  across  the  placenta 
is  not  by  simple  diffusion,  for,  as  the  maternal  values  are 
higher  and  as  the  placenta  always  holds  a  quantity  of  glycogen,^^ 
it  would  seem  that  the  placenta  acts  as  a  repository  and 
secretory  mechanism  for  glucose.  The  amount  retained  by 
the  placenta  and  the  level  of  excretion  into  the  foetus  are 
influenced  by  the  ‘  head  of  pressure  ’  of  glucose  in  the  maternal 
system. 

Normally  the  blood-sugar  lies  within  fairly  narrow  margins, 
but  in  slow  severe  starvation  it  can  fall  to  50  mg.  per  cent  or 
even  lower.^®  The  amount  of  sugar  transferred  across  the 
placenta  when  the  maternal  blood-sugar  is  as  low  as  this  would 
be  much  below  the  normal  amount.  Herein  lies  one  explana¬ 
tion  of  the  low  birth  weights  of  infants  born  during  the  famines 
in  Rotterdam  and  Leningrad. 

Protein. — Swanson  and  lob^®  have  shown  that  in  the  last 
month  of  pregnancy  the  daily  rate  of  deposition  of  nitrogen 
is  nearly  twice  as  great  as  it  is  during  the  last  three  months, 
and  four  times  greater  than  is  the  deposition  throughout 
foetal  life. 

The  whole  of  the  protein  acquired  by  the  foetus  is  used  for 
tissue  building  ;  since  energy  requirements  during  pregnancy® 
are  provided  by  an  adequate  supply  of  glucose,  protein  need 
not  be  diverted  for  this  purpose.  Most  of  the  nitrogen 
accumulated  during  foetal  life  is  stored  as  protein  in  the  muscles 
or  liver.  At  birth  the  full-term  infant  contains  from  55-60  g. 
of  nitrogen. 

Nitrogen  storage  in  the  premature  infant  depends  upon  the 
degree  of  prematurity.  In  calculating  the  nitrogen  content 
of  these  infants  it  must  be  appreciated  that  a  seven-months 
foetus  contains  about  16  g.  of  nitrogen,  an  eight-months  about 
22  g.,  and  a  nine-months  about  40  g.^^ 

Of  all  the  nitrogen-containing  compounds  in  the  maternal 
blood  the  amino-acids,  which  are  relatively  simple,  are  soluble 
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in  the  plasma,  and  for  this  reason  are  highly  diffusable.^^ 
All  the  evidence  points  to  these  compounds  as  a  source  of 
nitrogen  for  the  foetus.  It  is  also  possible  that  the  simple 
polypeptides  are  an  additional  source  of  nitrogen.  Legrand^^ 
has  shown  that  during  pregnancy  the  large  polypeptide 
molecules  of  maternal  serum  are  replaced  by  simpler  mole¬ 
cules  which  are  readily  diffusible  and  can  pass  through  the 
placenta.  Slemons^^  observed  that  the  plasma  of  the  newborn 
infant  contains  about  2  mg.  of  amino-acid  nitrogen  per  100  c.c. 
more  than  does  its  mother. 

Another  group  of  soluble  nitrogen-containing  compounds 
are  the  normal  waste  products  of  nitrogen  metabolism  (ammonia, 
urea,  and  creatinine).  The  concentrations  of  these  substances 
in  the  maternal  and  foetal  plasma  are  identical,  suggesting 
that  the  transfer  of  nitrogen  waste  products  is  by  simple 
diffusion. 

Plasma-proteins  (albumin  and  globulin)  have  been  found  to 
be  low  in  the  full-term  infant  at  birth,  gradually  reaching 
adult  levels  by  three  years  of  age.  The  values  in  premature 
infants  were  found  to  be  lower  still  than  those  for  full- 
term  infants,  and  the  difference  was  statistically  significant.^’ 
The  levels  of  plasma-proteins  in  the  mothers  of  premature 
infants  were  within  normal  limits.  So  far  as  can  be  ascer¬ 
tained,  the  possibility  of  a  relationship  between  plasma- 
protein  in  newborn  infants  and  the  level  of  protein  nutrition 
in  the  mother  during  pregnancy  has  not  been  studied. 

On  the  maternal  side  the  interest  centres  around  the  plasma 
amino-acids.  A  limited  number  of  observations  have  been 
made  of  the  free  plasma  amino-acids  in  normal  adults  ^9 
values  obtained  range  between  3-4  and  5-5  mg.  per  cent,  with 
a  mean  of  4*1  mg.  A  full  study  has  not  been  made  of  the 
factors  affecting  the  level  of  plasma  amino-acids  :  the  fasting 

figures  were  found  to  be  lower  than  the  post-prandial  in  the 
same  individual.^o 

Towards  the  termination  of  pregnancy  the  placenta  gradu¬ 
ally  wastes  ;  however,  the  nature  and  fate  of  the  products  of 
this  autolysis  are  unknown.^i  They  could  form  an  additional 
source  of  protein  for  the  foetus. 

The  total  protein  needs  of  pregnancy,  above  the  non¬ 
pregnant  states,  are  those  necessary  for  :  (i)  Formation  of 
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the  placenta  ;  (2)  Building  of  the  foetus  ;  (3)  Enlargement  of 
the  uterus  ;  and  (4)  Growth  of  the  mammary  tissue. 

It  has  been  calculated^^  from  available  data  that  the  total 
nitrogen  requirements  during  pregnancy,  in  addition  to  those 
needed  for  maintenance,  are  about  1 35-145  g.  Metabolism 
experiments^^'^^  show  that  the  pregnant  woman  retains  during 
the  period  of  pregnancy  from  200-400  g.  more  nitrogen  than 
is  necessary  to  meet  the  full  demands  of  the  foetus  and  the 
annexa.  From  their  own  observations  and  after  a  study  of 
the  literature,  Macy  and  her  co-workers^®  are  satisfied  that 
“  in  general  the  richer  the  diet  in  protein  and  that  of  good 
biological  values  such  as  from  milk  and  its  products,  the 
greater  was  the  persistent  storage  of  nitrogen  during  preg¬ 
nancy  An  explanation  of  the  excess  storage  is  that  it 
provides  a  reservoir  for  lactation. 

Sandiford  and  others^®  are  satisfied  that  the  full  nitrogen 
requirements  of  pregnancy  are  met  by  a  diet  containing 
90-100  g.  of  protein  daily.  From  balance  experiments^^- 
it  was  found  that  the  maximum  retention  of  nitrogen  occurred 
in  a  diet  with  an  average  nitrogen  content  of  19  g.  per  day 
(76  g.  protein). 

Lipids. — The  well-nourished  full-term  infant  contains 
appreciable  quantities  of  fat.  Huggett^^  has  given  the  following 
figures  for  the  fat  content  of  the  foetus  at  the  various  ages 

End  of  5th  lunar  month  .  .  3‘S  g- 

End  of  7th  lunar  month  .  .  25  o  g. 

End  of  loth  lunar  month  .  .  350‘0  g- 

On  the  basis  of  these  figures  it  is  apparent  that  the  rate  of 
deposition,  except  in  the  later  stages  of  pregnancy,  is  slow. 
Thus  during  the  first  five  months  it  averages  25  mg.  per  day. 

Huggett^^  maintains  that  during  the  last  month  of  preg¬ 
nancy  the  deposition  of  fat  is  at  the  rate  of  6*4  g*  P^r  day. 
Boyd  and  Wilson^®  have  shown  that  during  the  last  stages 
of  pregnancy  the  foetus  absorbs  about  50  g-  of  lipids  per  day 
from  the  umbilical  vein.  Of  the  total  quantity  of  lipids 
detained  by  the  infant,  65-70  per  cent  are  phospholipids, 
about  14  per  cent  each  of  free  cholesterol  and  cholesterol 

esters,  and  6  per  cent  as  neutral  fat.^® 

Little  seems  to  be  known  of  the  transfer  of  fat  throughout 
foetal  life,  most  of  the  observations  having  been  made  on  the 
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newborn  infant.  Boyd^^  estimated  the  lipids  in  oxalated 
plasma  of  29  neonatal  infants  and  compared  the  figures  with 
those  obtained  from  their  mothers.  The  mean  figures  for 
his  observations  are  given  in  Table  I. 


Table  /.—Comparison  of  Mean  Values  of  Plasma-lipids. 
Adults  and  Newborn  Infants 


Mg.  per 

100  c.c. 

Values  in  Newborn 
Infants  in  Percentage 
OF  Values  in  Adults 

Adults 

Infants 

Total  lipids 

589  ±  87 

189  ±  80 

34 

Neutral  fat 

154  ±  42 

90  ±  50 

58 

Total  fatty  acids 

353  ±  56 

140  ±  57 

40 

Total  cholesterol 

162  ±  32 

34  ±  15 

21 

Ester  cholesterol 

115  ±  27 

20  ±  12 

17 

Free  cholesterol 

47  ±  7 

14  ±  7 

30 

Phospholipid 

196  ±  23 

61  ±  32 

31 

The  interesting  observation  made  by  Boyd  was  that  there 
are  more  variations  in  the  values  in  the  plasma  between  one 
newborn  infant  and  another  than  is  found  between  normal 
adults.  The  variation  in  the  percentages  that  the  infant 
figures  bear  to  adult  figures  is  without  explanation.  In  this 
connexion  Boyd  and  Wilson  have  further  noted  that  neutral 
fat  may  be  higher  in  the  umbilical  artery  than  in  the  vein, 
without  apparent  reason.  The  difference  in  levels  of  the 
various  lipids  in  relation  to  the  levels  in  the  mother’s  blood 
suggests  a  selective  active  transfer  of  lipids  by  the  placenta 
rather  than  a  simple  diffusion.  It  has,  however,  been  demon¬ 
strated^®  that  the  concentration  of  lipids  in  the  maternal  blood 
rises  during  pregnancy.  This  commences  about  mid-term, 
corresponding  to  the  beginning  of  increased  fat  metabolism  of 
the  foetus.  There  is  sufficient  increase  in  the  level  of  each 
type  of  lipid  in  the  plasma®®  to  substantiate  the  suggestion 
that  the  maternal  plasma  provides  the  lipids  for  the  foetus. 

The  hpids  in  the  maternal  plasma  are  drawn  from  the  fat 
and  carbohydrate  of  the  diet,  to  which  the  fat  depots  of  the 
body  would  make  contribution,  the  magnitude  of  which  would 
depend  upon  the  adequacy  of  the  diet. 

It  has  been  shown  by  Man  and  Gildea^o  that  in  prolonged 
malnutrition  serum-cholesterol  values  generally  fall.  Total 
fatty  acid  values  showed  much  less  regular  changes;  of  31 
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cases  investigated  i6  were  below  normal,  13  normal,  and 
2  above  normal.  These  authors  stress  that  these  changes 
can  only  be  expected  if  the  starvation  is  severe  and  pro¬ 
longed. 

Thus  within  the  range  of  average  diets  eaten  by  pregnant 
women,  it  is  reasonable  to  expect  that  the  level  of  lipids  on 
the  maternal  side  of  the  placenta  would  supply  an  adequate 
quantity  of  lipids  to  the  placenta  for  transfer  to  the  foetus. 
In  severe  and  prolonged  starvation  of  the  mother,  it  is  possible 
for  the  levels  of  the  various  lipids  in  the  plasma  to  fall,  thus 
affecting  the  transmission  of  fat  across  the  placenta.  This  is 
probably  another  explanation  of  the  low  birth  weights  of 
infants  born  during  the  famines.  Undoubtedly  under  normal 
conditions  the  most  important  factor  affecting  the  storage  of 
fat  in  the  foetus  is  the  length  of  the  period  of  gestation.  One 
of  the  outstanding  characteristics  of  the  premature  infant  is 
the  paucity  of  the  fat  deposits. 

Calcium  and  Phosphorus. — The  newborn  infant  holds  in 
its  skeleton  appreciable  quantities  of  calcium  and  phosphorus  ; 
most  of  which  is  acquired  during  the  last  three  months  of 
gestation.  It  has  been  shown  that  three  times  as  much 
calcium  is  deposited  in  the  foetus  in  the  last  two  months  of 
pregnancy  as  is  deposited  in  the  first  seven,  and  for  this  reason 
the  premature  infant  has  a  poor  store  of  calcium. The 
range  of  values  recorded  for  the  calcium  and  phosphorus 
content  of  full-term  infants  is  wide.  The  calcium  content 
has  been  found  to  extend  from  13-11  g.  to  27-9  g.,  i.e.,  from 
5'Oi  to  10-27  g.  per  kg.  body-weight,  whilst  the  corresponding 
figures  for  phosphorus  are  8-87  to  18-68  g.  or  3-43  to  5-60  g. 
per  kg.  body-weight."^^  This  wide  range  indicates  that  some 
infants  are  better  equipped  to  start  life,  at  least,  in  so  far  as 
their  calcium  and  phosphorus  supplies  are  concerned.  This 
in  turn  suggests  that  the  amount  of  calcium  that  is  transferred 
across  the  placenta  during  the  ten  months  of  gestation  can 
vary  as  much  as  100  per  cent.  How  does  this  come  about  ? 
For  a  solution  it  is  necessary  to  consider  some  features  of 
calcium  metabolism. 

The  calcium  in  the  maternal  blood  is  found  wholly  or  almost 
wholly  in  the  serum,  where  it  exists  in  two  major  forms  ;  the 
non-diffusible,  which  includes  the  proteinate  and  colloidal 
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calcium,  and  the  diffusible  or  dialyzable,  composed  almost 
entirely  of  ionized  calcium. 

Numerous  measurements  have  been  made  of  the  calcium 
content  of  the  blood  of  newborn  infants, ^2-56  and  a  number 
of  workers  have  correlated  the  calcium  figures  in  the  cord 
blood  with  those  for  the  maternal  blood.  Several  important 
facts  have  emerged  from  these  studies  : 

1.  The  calcium  content  of  the  serum  of  newborn  infants 

has  been  found  to  extend  from  7*3  ^4*4 

2.  The  level  of  calcium  in  foetal  blood  at  birth  is  from 
I  mg.  to  3  mg.  higher  than  the  maternal  level,  due  entirely 
to  an  increase  in  the  non-filtrable  or  protein  calcium. 

3.  The  level  of  filtrable  calcium  has  been  found  to  be  quite 
uniform  in  non-pregnant,  pregnant,  and  parturient  women, 
and  in  the  newborn  (cord  blood).  The  average  percentage  of 
filtrable  calcium  was  lower  in  cord  blood  owing  to  the  increase 
in  total  calcium.^’ 

4.  The  calcium  content  of  the  blood  of  the  newborn  infant 
bears  a  relationship  to  the  calcium  content  of  maternal  blood 
at  or  near  birth.  The  data  obtained  by  MulP®  have  been 
conveniently  tabulated  by  Denzer^^  and  are  reproduced  in 
Table  11. 


Table  II. — Summary  of  Calcium  Levels  in  Maternal 
AND  IN  Cord  Blood 
(From  Mull^^  and  Denzer^^) 


No.  OF  Cases 

Blood-calcium  (Mg.  peb  ioo  c.c.) 

Range  of  Maternal 

Average  of  Fatal 

I 

8*0—  8*49 

10-53 

14 

8-5-  8-99 

10-32 

25 

9  0-  9-49 

10-83 

16 

9-5-  9  99 

11-58 

8 

IOO-IO-49 

11-86 

Ignoring  the  figures  for  the  one  case  in  line  i,  I  submitted 
the  data  to  statistical  treatment  and  found  the  coefficient  of 
correlation  to  be  -  =  0-9,  indicating  that  as  the  maternal 
values  increase  the  foetal  figures  increase  in  a  parallel  manner. 

In  any  group  of  blood-sera  the  ratio  of  filtrable  to  total 
calcium  seems  to  be  fairly  uniform,  variations  in  the  latter 
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being  reflected  in  the  former.  From  the  data  presented  here 
it  is  apparent  that  calcium  crosses  the  placenta  in  the  filtrable 
form  by  simple  diffusion :  the  actual  amount  transferred 
depending  upon  the  ‘  head  of  pressure  ’  of  calcium  (both 
total  and  filtrable)  in  the  maternal  serum. 

The  level  of  calcium  intake  by  the  mother  can  be  studied 
by  its  effect  upon  the  health  and  physical  structure  of  the 
foetus  or  newborn  infant.  Maxwell  and  his  colleagues, 
working  with  cases  of  osteomalacia,  reported  an  infant  with 
foetal  rickets  who  had  a  low  blood-calcium  of  6-4  mg.  per 
100  c.c.  and  a  blood-phosphorus  of  4-2.  The  corresponding 
figures  for  the  mother  were  4*0  and  2*6  mg.  per  100  c.c. 

Coons  and  Blunt®^  concluded  from  the  radiographic 
examination  of  the  bones  of  normal  infants  from  well-fed 
mothers  that  the  calcification  of  the  bones  was  most  satisfac¬ 
tory  when  the  retention  of  calcium  and  phosphorus  by  the 
mother  during  pregnancy  was  highest.  The  infants  born  to 
the  women  given  calcium  and  vitamin  D  by  Finola'^^  showed 
much  more  dense  calcification  of  the  skull  than  the  infants 
of  mothers  not  given  calcium  and  vitamin  D. 

This  raises  the  important  question  of  the  effect  of  increased 
calcification  of  the  skull  upon  moulding  at  birth.  There  does 
not  appear  to  be  a  direct  answer  to  this,  but  several  related  facts 
are  worthy  of  consideration.  It  seems,  from  the  work  of  Moloy,'*® 
that  the  features  of  moulding  are  the  elevation  of  the  parietal  and 
occipital  regions,  made  possible  by  bending  at  the  spheno- 
petrous  angle.  This  area  is  calcified  at  birth,  so  the  bending 
occurs  in  bone,  and  we  are  not  concerned  with  calcification  or  no 
calcification,  but  with  the  degree. 

It  is  well  known  that  the  skulls  of  premature  infants  are  more 
liable  to  injury,  with  a  greater  risk  of  intracranial  haemorrhage, 
than  those  of  full-term  infants.  The  skulls  of  the  former  are  less 
well  calcified  than  the  latter.^®  The  results  of  one  experiment 
in  which  the  mothers’  diets  were  brought  up  to  a  satisfactory 
level  with  supplements  of  minerals  and  vitamins  where  necessary 
is  of  interest.®"  Out  of  a  total  of  406  women  the  diet  of  225 
was  considered  satisfactory  ;  the  incidence  of  difficult  labour 
through  failure  of  the  skull  to  mould  was  no  higher  in  this  group 
than  amongst  those  whose  diets  were  not  satisfactory. 

The  numbers  in  this  experiment  were  small  and  before  the 
question  can  be  finally  settled  a  carefully  controlled  stud\  of  a 
large  number  of  cases  is  necessary.  Suffice  it  to  say  at  this  stage 
that  the  opposition  to  supplementation  of  maternal  diets  with 
foods  to  ensure  a  high  intake  of  calcium  has  in  the  mam  come 
from  obstetricians  who  have  based  their  conclusions  on  personal 
experience  with  a  limited  number  of  cases. 
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The  response  of  serum-calcium  to  changes  in  the  level  of 
calcium  intake  has  been  the  subject  of  a  number  of  studies. 
Farquharson  and  Tibbets®^  found  scarcely  any  daily  variation 
of  the  serum-calcium  of  a  normal  adult  male  on  an  ordinary' 
diet ;  however,  the  ingestion  of  relatively  large  amounts 
(2-3  g.)  of  a  soluble  calcium  salt  over  a  period  of  fourteen 
days  resulted  in  a  rise  of  1-5  mg.  in  the  serum-calcium. 

Valuable  evidence  of  the  relationship  of  calcium  intake  to 
serum-calcium  levels  has  been  provided  by  Maxwell  and  his 
co-workers  in  China.®®’  They  have  studied  osteomalacia  in 
a  number  of  women  whose  diets  had  been  extremely  low  in 
calcium.  The  daily  calcium  intake  over  a  long  period  of 
time  was  in  the  vicinity  of  100  mg.  w'hilst  the  serum-calcium 
figures  were  as  low  as  3-6  and  4*6  mg.  per  100  c.c.  The 
effect  of  calcium  and  vitamin  therapy  on  one  such  case  is 
instructive.  On  admission  to  hospital  for  a  confinement  the 
serum-calcium  was  found  to  be  4-0  mg.  per  100  c.c.  ;  this 
rose  in  the  following  manner  : — 


Serum-calcium  on  admission 
7  days  later 
1 1  days  later 
18  days  later 
23  days  later 
30  days  later 


=  4-0  mg.  per  100  c.c. 
=  5-6  mg.  per  100  c.c. 
=  8*4  mg.  per  100  c.c. 
=  97  mg.  per  100  c.c. 
=  9-9  mg.  per  100  c.c. 
=  8*9  mg.  per  100  c.c. 


The  osteomalacia  was  not,  of  course,  cured  in  this  time,  but 
the  calcium  therapy  had  restored  the  blood-level  to  normal  limits. 

If  further  confirmatory  evidence  is  needed  of  the  effect  of 
calcium  intake  and  vitamin  D  supplies  upon  blood-calcium 
levels,  it  is  to  be  found  in  the  observation  that  in  North 
America^.  es  ^nd  in  England^  the  blood-calcium  is  higher 
m  summer  than  in  winter.  This  finding  suggests  that  the 
additional  vitamin  D  provided  by  the  longer  sun  exposure 
and  by  the  more  intense  ultra-violet  component  of  the  sum¬ 
mer  sunlight®®  ensured  a  higher  percentage  absorption  of  the 
calcium  ingested,  even  though  the  intake  remains  constant. 

Through  all  ranges  of  total  serum-calcium  the  ratio  of  non- 
di^sible  to  diffusible  calcium  remains  constant.®’ 

he  bones  hold  the  maternal  reser\'oirs  of  calcium  and 
phosphorus.  Adult  bones,  particularly  the  long  bones,  are 
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in  a  state  of  constant  remodelling.  In  some  places  bone  is 
being  resorbed,  whilst  in  others  it  is  being  laid  down.  Both 
these  processes  proceed  simultaneously  in  the  same  subject, 
even  in  the  same  bone  in  almost  adjacent  areas.  The  calcium 
released  by  resorption  either  joins  the  universal  pool  of  calcium 
in  the  body  or  is  seized  by  osteoblasts  in  the  neighbourhood 
and  used  in  the  building  process. 

When  the  intake  of  calcium  in  the  diet  is  insufficient  to 
meet  the  full  demands  of  the  body,  as  for  example  in  preg¬ 
nancy,  the  calcium  released  by  the  resorption  process  makes 
a  substantial  contribution  toward  the  maintenance  of  the 
serum-calcium  levels.  If  the  demand  is  excessive,  as  in 
frequent  pregnancies,  and  the  intake  is  very  low,  the  resorp¬ 
tion  process  does  not  proceed  fast  enough  to  release  enough 
calcium  and  maintain  serum-calcium  levels  within  the  normal 
range,  and  low  figures  result.  The  supply  of  calcium  for 
the  building  of  new  bone  is  inadequate  and  resorption  out¬ 
strips  building,  with  the  end-result  of  osteomalacia.  In  these 
circumstances  the  full  requirements  of  the  foetus  are  not  met 
and  it  runs  the  risk  of  being  born  with  rickets. 

In  the  foetus  bone  develops  in  the  pre-existing  cartilage  by 
the  deposition  of  calcium  salts.^  However  there  is  an  increas¬ 
ing  volume  of  evidence®®'^^  to  support  the  suggestion,  originally 
advanced  by  Hamilton  in  1922,®®  that  the  calcium  transferred 
to  the  foetus  is  used  not  only  for  the  calcification  of  growing 
bone  but  that  a  proportion  is  deposited  in  the  compact  bone 
by  overactivity  of  the  osteoblasts  in  relation  to  the  activity 
of  the  osteoclasts.  This  calcium  is  a  reserve  supply  m 
anticipation  of  the  great  needs  of  the  post-natal  period. 
Leitch,4i  in  an  extensive  review  of  the  calcium  requirements 
of  man,  drew  attention  to  the  fact  that  the  amount  of  calcium 
absorbed  from  breast  milk  during  the  first  three  or  four  months 
of  life  was  insufficient  to  maintain  the  skeleton  at  the  same 
standard  of  calcification  as  that  at  birth. 

Hamilton’s  hypothesis  suggests  that  a  percentage  of  the 
calcium  needs  of  the  post-natal  period  is  supplied  from  the 
bones  of  the  infant.  The  extent  to  which  an  infant  is  equipped 
to  meet  this  internal  demand  will  depend  upon  the  quantity 
of  calcium  it  acquires  during  fcetal  life.  This,  in  turn,  it 
seems,  depends  upon  the  calcium  intake  of  the  mother. 
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Phosphorus.— Phosphorus  is  distributed  widely  throughout 
the  body.  It  combines  with  calcium  in  bone  formation  and 
is  the  principal  electronegative  element  in  intracellular  fluids, 
is  found  in  proteins,  carbohydrates,  and  lipids,  and  is  present 
in  some  vitamins. 

The  metabolism  of  the  organic  phosphorus  in  the  fcetus  is 
essentially  the  metabolism  of  the  compounds  in  which  it  is 
found,  and  will  not  be  considered  here.  The  inorganic 
phosphorus  for  bone  and  tissue  growth  is  almost  certainly 
derived  from  the  inorganic  phosphorus  of  the  maternal  serum 
which  is  completely  ionized. 

Timpe’2  found  that  whereas  the  serum  organic  phosphorus 
rose  progressively  during  pregnancy  the  inorganic  form  did 
not  change.  Most  authors  agree'^-’^  that  the  inorganic 
phosphorus  level  in  the  serum  of  a  newborn  infant  is  from 
I  mg.  to  3  mg.  per  lOo  c.c.  higher  than  in  the  maternal  blood. 

The  level  of  inorganic  phosphorus  in  the  blood  is  influenced 
not  only  by  the  intake  of  phosphorus  but  also  by  the  intake 
of  calcium.  It  is  generally  agreed,  however,  that  when  a  diet 
is  adequate  in  calcium  the  calcium-phosphate  ratio  will  be 
such  as  to  ensure  an  adequate  level  of  inorganic  phosphorus 
in  the  blood. 

Iron. — The  newborn  infant  brings  considerable  quantities 
of  iron  from  its  fcetal  existence.  The  White  House  Confer¬ 
ence  on  Child  Health  and  Protection^®  collected  the  data  on 
the  iron  content  of  full-term  newborn  infants  ;  the  values 
recorded  in  literature  range  from  294  mg.  to  392  mg.  of  iron. 
This  range  of  nearly  100  mg.  suggests  that,  as  with  calcium, 
some  infants  are  better  supplied  with  iron  at  birth  than  others. 

During  the  first  six  months  of  gestation  the  average  daily 
transfer  of  iron  from  mother  to  foetus  is  small,  amounting  to 
about  0-4  mg.  In  the  last  three  months,  however,  the  daily 
accretion  of  iron  by  the  foetus  is  about  47  mg.'^® 

The  actual  source  of  iron  on  the  maternal  side  of  the 
placenta  has  been  the  subject  of  much  speculation.  Because 
nearly  all  the  iron  of  the  blood  is  present  in  the  corpuscles 
and  can  be  accounted  for  as  haemoglobin,  it  w^as  formerly 
assumed  that  the  iron  for  the  foetus  was  provided  by  the 
disintegration  of  red  blood-cells  in  the  placenta.  However, 
recent  work’’  has  drawn  attention  to  the  possibility  that  the 
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inorganic  iron  present  in  a  free  state  in  the  serum  is  the  source 
of  the  iron  acquired  by  the  foetus.  This  iron  fraction  in  the 
blood  responds  both  to  large  doses  of  iron  and  to  anaemic 
states.  In  the  normal  adult  the  serum-iron  rises  about 
400  per  cent  in  the  three  hours  after  ingestion  of  10  g.  iron 
ammonium  citrate  and  falls  again  to  normal  in  a  further  five 
hours.’®  In  iron-deficiency  anaemia  the  serum-iron  values 
are  lower  than  normal,’®*  whilst  high  values  have  been 
reported  from  patients  with  pernicious  anaemia.’® 

Pommerenke  and  his  co-workers”  fed  radio-active  iron  to 
a  pregnant  w'oman  and  found  that  it  appeared  in  the  foetal 
circulation  within  forty  minutes  of  ingestion.  This  observa¬ 
tion  led  them  to  suggest  that  the  maternal  serum,  rather  than 
the  red  blood-cells,  is  the  vehicle  by  which  iron  is  supplied 
to  the  placenta.  In  consideration  of  this  suggestion  the  first 
thought  may  be  that  the  concentration  of  iron  in  the  serum, 
namely,  60  to  190  micrograms  per  cent,®®  is  too  small  to 
supply  the  requirements  of  the  foetus.  However,  a  study  of 
comparative  data  proves  this  not  to  be  so.  The  ratio  of 
diffusible  serum-calcium  (5-0  mg.  per  100  c.c.)  to  serum-iron 
(100  micrograms  per  100  c.c.)  is  50  :  i,  and  this  is  of  the  same 
order  as  the  ratio  of  calcium  (25  g.)  to  iron  (300  mg.),  namely, 
80  :  I,  in  the  newborn  infant. 

Studies  on  pregnant  women  with  anaemia  have  demonstrated 
the  extent  to  which  the  level  of  maternal  serum-iron  can 
affect  the  foetal  serum-iron  concentration.  In  a  pregnant 
woman’®  with  pernicious  anaemia  the  serum-iron  had  an 
initial  high  level  of  300  micrograms  per  100  c.c.  Treatment 
with  the  Castle  factor  reduced  this  to  within  the  normal  range, 
viz.,  58  micrograms  per  cent  at  delivery.  The  serum-iron 
value  of  the  infant  was,  however,  247  micrograms  per  cent 
instead  of  the  normal  160  micrograms  per  cent. 

The  mean  of  the  maternal  and  foetal  serum-iron  values  for 
several  cases  in  which  the  mother  was  suffering  from  micro¬ 
cytic  hypochromic  anaemia  were — maternal,  40  micrograms  , 
foetal,  70  micrograms  per  100  c.c.,  compared  with  normal 
values  of  80  and  160  micrograms  per  100  c.c. 

Thus,  whilst  not  conclusive,  the  evidence  does  strongly 
support’  the  suggestion  that  the  foetus  obtains  its  supplies  of 
iron  from  maternal  serum-iron. 
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Serum-iron  is  derived  from  three  sources  :  One  component 
is  the  iron  recently  absorbed  from  the  intestinal  tract  the 
serum  acting  as  the  vehicle  for  its  transfer  to  the  site  of  the 
utilization;  another  fraction  is  the  iron  released  by  t  e 
destruction  of  red  cells  ;  whilst  a  third  is  contributed  from 

the  iron  reserves  in  the  body.  •  •  i 

During  the  last  few  years  a  number  of  investigations  have 
been  made®!'®^  with  radio-active  iron  into  the  exchanges  of 
iron  in  the  body.  It  appears  that  only  a  fraction  of  the  iron 
reserve  comes  into  equilibrium  with  the  iron  liberated  by  the 
regular  destruction  of  worn-out  red  cells  and  that  derived 
from  the  food.  According  to  Greenberg  and  Wintrobe®3  only 
3  or  4  per  cent  of  the  total  iron  in  the  body  is  used  in  the 
replacement  of  red  cells. 

It  has  been  determined^^*  that  each  day  about  25  mg.  of 
iron  is  liberated  by  the  breakdown  of  erythrocytes.  Although 
the  diet  of  the  average  pregnant  woman  contains  from  12  mg. 
to  20  mg.  iron  per  day,  metabolism  experiments  have  recorded 
retentions  that  varied  from  2-45  mg.  to  6-19  mg.  per  day.®^ 
These  figures  suggest  that  the  endogenous  source  provides 
the  bulk  of  the  serum-iron. 

In  the  pregnant  woman  the  serum-iron  must  fulfil  the 
demands  of  both  the  foetus  and  the  maternal  erythropoietic 
system.  The  requirements  of  the  former  in  the  last  month 
are  about  5  mg.  per  day'^®  and  of  the  latter  25  mg.  per  day.®^ 
In  the  absence  of  relevant  data  it  is  impossible  to  determine 
whether  there  is  any  priority  in  the  allocation  of  iron.  The 
fact  that  foetal  serum-iron  levels  are  influenced  by  maternal 
serum-iron  levels  suggests  that  the  foetus  has  not  an  absolute 
priority  over  the  maternal  erythropoietic  system,  and  that 
they  more  or  less  share  the  quantity  that  is  available. 

Black  and  Stoker®®  have  recently  shown  that  foetal  serum- 
iron  is  in  most  cases  higher  than  the  maternal  serum-iron, 
and  if  maternal  serum-iron  is  the  source  of  foetal  iron,  it  must 
be  added  to  the  list  of  nutrients,  the  concentration  of  which 
is  higher  in  the  foetal  than  in  the  maternal  blood.  In  order 
to  achieve  this  the  placenta  must  exercise  a  secretory  function 
in  the  transfer  of  iron. 

The  daily  requirements  of  the  pregnant  woman  for  iron 
are  still  in  doubt.  The  problem  has  been  reviewed®®*  ®’  and 
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from  metabolism  studies  15  mg.®®.  and  20  mg.®o  have  been 
suggested  as  the  optimal  values,  whilst  the  National  Research 
Council  of  America®!  put  the  desirable  intake  at  15  mg.  daily. 

An  adequate  intake  of  iron  is  but  one  factor  in  ensuring  the 
optimal  supply  of  iron  within  the  body.  The  actual  absorp¬ 
tion  of  iron  from  the  intestinal  tract  is  possibly  of  greater 
importance.  It  is  now  generally  accepted  that  in  normal 
health  iron  is  not  excreted  and  that  body  reserves  control  the 
rate  of  absorption. 

Evidence  is  accumulating  to  demonstrate  that  serum-iron 
levels  influence,  perhaps  in  an  indirect  way,  the  absorption. 
Balfour  and  others®^  found  that  little  or  no  iron  is  absorbed 
in  those  diseases  with  high  serum-iron  levels,  e.g.,  pernicious 
anaemia,  whilst  the  absorption  is  signiflcantly  greater  than 
normal  in  patients  with  anaemia  either  due  to  iron  deficiency 
or  the  sequel  of  haemorrhage.  These  same  workers  have 
demonstrated  that  pregnant  women  absorb  from  two  to  ten 
times  more  iron  than  non-pregnant  women.  Thus  it  seems 
that  the  level  of  serum-iron  may  determine  the  quantity  of 
iron  absorbed  from  the  intestinal  canal. 

Haemoglobin  levels  have  been  used  to  measure  the  adequacy 
of  iron  supplies  in  the  body.  Large  doses  of  iron  given  to 
groups  in  the  population  have  resulted  in  a  rise  in  the  haemo¬ 
globin  levels  of  an  appreciable  percentage  of  the  population 
investigated.®®  Diets  high  in  iron  apparently  have  the  same 
effect.®!  However,  additional  medicinal  iron  given  to  children 
already  consuming  a  diet  high  in  iron  did  not  raise  the  haemo¬ 
globin  levels.®® 

The  relationship  of  iron-deficiency  anaemia  (microcytic 
hypochromic)  in  the  mother  upon  the  health  of  the  infant 
has  been  the  subject  of  considerable  investigation.  The 
interpretation  of  much  of  the  earlier  data  is  rendered  difficult, 
if  not  impossible,  by  the  recognition  within  the  last  ten  years 
of  the  development  in  the  pregnant  woman  of  physiological 
hydremia.  It  has  been  found®®-  ®’  that  during  the  last 
trimester  the  total  volume  of  red  cells  and  the  haemoglobin 
increase  from  20  to  45  cent,  whilst  the  plasma  \olurne 
increases  by  up  to  65  per  cent.  In  all  cases  the  increase  in 
plasma  volume  was  greater  than  the  increase  in  red  cells  or 
haemoglobin,  consequently  the  blood  is  more  diluted  and  the 
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red-cell  count  and  haemoglobin  determination  shows  an 
apparent  anaemia. 

Smallwood  “  is  doubtful  whether  hydraemia  of  pregnancy  is 
ever  responsible  for  a  fall  in  the  haemoglobin  to  a  level  lower 
than  70  per  cent  and  haemoglobin  values  less  than  80  per  cent 
are  unusual  Hydraemia  reaches  a  peak  in  the  ninth  lunar 

month,  'rhe  degree  of  hydraemia  in  pregnant  women  varies,^® 
and  this  variation  makes  the  interpretation  of  haemoglobin 
values  difficult.  In  other  words  some  women  with  a  haemo¬ 
globin  value  of  between  70  and  80  per  cent  (Haldane),  whilst 
classed  as  anaemic,  may  in  fact  have  adequate  supplies  of  iron 
to  meet  the  demands  of  the  fcetus. 

'I'he  effect  of  apparent  anaemia  in  the  mother  upon  the  iron 
metabolism  of  the  infant  was  investigated  by  Helen  Mackay,®® 
and  her  findings  have  frequently  been  misquoted,  implying 
that  she  had  found  a  positive  relationship.  Reference  to  her 
original  work  revealed  the  indeterminate  nature  of  her  con¬ 
clusion,  for  she  reported  as  follows  :  “  The  haemoglobin  level 
of  the  infants  of  these  anaemic  mothers  average  less  at  every 
month  for  the  first  six  months  of  life  than  the  rest  of  the 
series  ”  (i.e.,  children  of  non-anaemic  mothers).  Dr.  Alackay 
went  on  :  “  Though  this  suggests  that  anaemia  in  the  mother 
predisposed  to  anaemia  in  the  infant,  the  evidence  is  not 
conclusive,  as  the  number  of  these  infants  was  so  small.” 
Later  in  the  report,  under  the  heading  “  predisposing  factors 
in  the  mother  ”,  Dr.  Mackay  concluded  :  “  Although  the 

theory  that  a  maternal  deficiency  of  iron  is  a  frequent  cause 
of  anaemia  in  the  infant  is  attractive,  we  have  no  evidence 
to  support  it.”  Mackay  has,  however,  subsequently^®® 
stated  :  “  Anaemia  in  babies  is,  I  think,  undoubtedly  in  part 
the  result  of  anaemia  in  their  mothers  during  pregnancy.” 

Davidson  and  Fullerton^®i  found  no  significant  correlation 
between  anaemia  in  the  infant  and  in  the  mother.  Fullerton^®^ 
has  suggested  that  other  factors  such  as  birth  weight,  type  of 
feeding,  and  particularly  the  presence  of  infections,  affect  the 
haemoglobin  level  of  the  infant  to  a  much  greater  degree  than 
does  the  haemoglobin  level  of  the  mother. 

Thus  It  seems  that  on  the  clinical  side  there  is  an  absence 
of  uniformity  of  opinion  on  the  relationship  of  anemia  (i.e., 
iron  supplies),  in  the  mothers  during  pregnancy  and  anaemia 
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in  the  infant  (i.e.,  transfer  of  iron  during  pregnancy  to  the 
fcEtus  from  the  mother). 

Despite  this  reassuring  opinion  one  cannot  but  be  disturbed 
by  the  high  incidence  of  anaemia  in  pregnant  women  found 
by  various  investigators  in  different  parts  of  the  world.  In 
Australia,  one  group  of  workers^^^^  found  that  more  than  50 
per  cent  of  pregnant  women,  examined  not  later  than  the 
fourth  month  of  pregnancy,  had  haemoglobin  levels  less  than 
80  per  cent  (Haldane  standard).  All  these  cases  respond  to 
iron  therapy.  This  fact,  together  with  two  other  pieces  of 
evidence  already  referred  to— namely,  the  range  of  the  iron 
content  of  full-term  fcetuses  and  the  association  of  low  maternal 
serum-iron  levels  with  low  foetal  serum-iron  figures— suggest 
that  the  iron  metabolism  of  the  mother  is  of  great  importance 

in  relation  to  foetal  nutrition. 

There  is  therefore  considerable  justification  for  the  recom¬ 
mendation  made  by  numerous  workers  during  the  last  ten 
years  that  pregnant  women  should  be  given  medicinal 
iron  to  ensure  the  transfer  of  an  adequate  quantity  to  the 

foetus.  .  .  , 

Copper. — The  developing  foetus  obtains  comparati\ely 

large  quantities  of  copper  from  the  mother.  The  transfer 
takes  place  throughout  the  whole  of  the  gestation  period,  but 
at  an  increased  rate  during  the  last  trimester.  In  general  the 
copper  content  of  the  foetal  liver  doubles  during  the  last  three 
months  of  foetal  life  and  at  term  the  concentration  is  at  least 
twice  that  of  the  adult.^o^- However,  the  range  of  the 
concentration  of  copper  in  the  livers  of  full-term  infants  is 
wide,  as  the  figures  in  Table  III  show  : 


Table  ///.—Copper  in  Full-term  Fcet.\l  Livers 
(From  Ramage  and  Sheldon  and  Sheldon^°*) 


Full-term  Foetus 
No. 


Percentage  of  Copper 
Dry  Weight  of  Liver 


Total  Copper  in  Liver 
IN  Mg. 


1 

2 

3 

4 

5 

6 


0’022 

0-014 

0-040 

0021 

0-045 

0-021 


5-7 

37 

9-6 

5-8 

13-5 

7-8 
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From  these  figures  it  is  apparent  that  some  infants  at 
birth  are  better  supplied  with  copper  than  others.  How¬ 
ever,  in  the  absence  of  any  other  data  on  human  material, 
it  is’  not  possible  to  assess  the  significance  or  origin  of  this 

difference.  .  . 

Evidence  from  animal  experiments  is  conflicting,  borne 

workers^"®’  have  recorded  slight  increases  in  the  copper 
content  of  the  young  when  the  mothers  were  fed  additional 
copper,  another  group  of  workers^®®  found  no  increase. 

I’he  origin  of  foetal  copper  is  undoubtedly  the  maternal 
blood-stream.  Human  blood  contains  from  o*i  to  02  mg. 
per  100  c.c.,^®®  and  of  this  amount  about  o-o8  mg.  per  100  c.c. 
occurs  in  the  plasma, whilst  the  balance  is  in  the  corpuscles, 
with  far  more  in  the  erythrocytes  than  in  the  leucocytes. 

In  the  umbilical  cord  blood  the  serum-copper  content 
amounts  to  about  one-tenth  to  one-quarter  that  of  maternal 
blood.  It  would  seem  that  the  method  of  transmission  is  not 
by  simple  transfusion  but  that  the  placenta  acts  as  a  super¬ 
filter.  A  difference  of  about  30  per  cent  exists  between 
venous  and  arterial  cord  blood,  the  difference  representing 
the  copper  absorbed  by  the  foetal  liver.^^^ 

During  pregnancy  and  especially  from  the  seventh  to  the 
tenth  month  the  amount  of  copper  in  the  blood  rises  by 
some  50  per  cent.^^^'^^^  A  rise  of  the  same  magnitude  was 
observed  in  women  with  normal  and  low  haemoglobin^^'^ 
suggesting  that  the  hypercupraemia  was  a  constant  state 
irrespective  of  the  general  nutritional  status  of  the  women. 

Iodine. — The  principal,  if  not  the  only  function  of  iodine 
in  the  human  body  is  that  it  is  required  for  the  synthesis  of 
thyroxine,  the  secretion  of  the  thyroid  gland.  Thus  the 
study  of  the  development  and  function  of  the  thyroid  gland 
during  foetal  life  provides  essential  data  on  iodine  metabolism 
in  this  period. 

The  thyroid  gland  becomes  differentiated  from  the  floor 
of  the  pharynx  as  early  as  the  third  week  of  foetal  life.  By 
the  eighth  week,  when  it  has  lost  its  connexion  with  the 
pharynx,  a  series  of  discontinuous  cavities  has  appeared  ; 
these  are  the  follicles,  which  soon  afterwards  would  acquire 
colloid.  Marine”®  has  shown  that  the  foetal  thyroid  contains 
iodine,  the  quantity  increasing  with  advancing  age. 
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Iodine  supplies  for  the  developing  foetus  are  derived  from 
iodine  in  the  maternal  blood.  The  total  iodine  content  of 
normal  blood  varies  from  3  micrograms  to  10  micrograms 
per  100  The  level  is  increased  by  an  iodine-rich 

diet  and  toxic  thyroid  disease  in  simple  goitre  with 
accompanying  euthyroidism  the  blood-iodine  is  generally  in 
the  normal  range. 

The  discoveries  made  in  recent  years  of  the  existence  in  the 
blood  of  several  forms  of  iodine,  reduce  the  value  of  total  iodine 
figures.  The  major  portion  of  the  blood-iodine  is  in  the  plasma, 
and  of  this  about  85  per  cent  is  in  the  protein-bound  form.^^^ 

From  analogy  with  other  nutrients  it  is  permissible  to 
suggest  that  it  is  the  simple  inorganic  (acetone-soluble)  form 
of  iodine  that  can  pass  across  the  placenta.  It  is  this  form  that 
is  excreted  in  the  urine.^^^ 

The  protein-free  (acetone-soluble)  form  in  the  blood  is 
subject  to  marked  fluctuations.  After  ingestion  of  10  mg.  of 
potassium  iodide  for  seven  days  the  concentration  of  this 
form  rose  in  one  subject  by  250  per  cent  in  the  last  three  days 
of  the  period. In  persons  on  a  low  iodine  intake  the  protein- 
free  form  of  iodine  in  the  blood  is  low  ;  here,  then,  perhaps, 
is  the  explanation  of  the  enlargement  of  the  thyroid  in  the 
foetus  in  women  in  goitrous  areas. 

The  enlargement  of  the  thyroid  sometimes  seen  in  the 
newborn  infant  has  been  attributed  to  the  response  of  the 
gland  to  a  demand  by  the  maternal  tissue  for  thyroxine.^^^  The 
evidence  that  is  available  does  not  support  this  hypothesis, 
for  recent  work^^^  has  shown  that  up  to  85  per  cent  of  the 
iodine  in  the  blood  is  in  the  form  of  thyroxine  which  seems 
to  be  absorbed  on  the  globulin  in  the  serum.  There  is  no 
evidence  to  indicate  that  such  a  large  molecule  can  pass  from 
the  foetal  to  maternal  tissues.  This  is  confirmed  by  the 
findingii®  that  there  is  no  correlation  between  the  hormone 
iodine  content  of  the  maternal  and  umbilical  blood.  The 
reason  for  enlargement  of  the  thyroid  in  the  foetus  in  women 
living  in  a  goitrous  area  is  probably  the  same  as  in  children 
and  adults — namely,  in  order  to  trap  more  iodine  from  the 
limited  supplies  available. 

That  the  amount  of  iodine  transmitted  across  the  placenta 
varies  appreciably  is  demonstrated  by  the  wide  range  in  the 
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iodine  content  of  newborn  infants.-  The  thyjoids  in 
fetuses  of  cretinoid  mothers  who  abort  are  nearly  iodine  free^ 

In  the  evidence  presented  there  is  justification  for  the 
administration  of  small  doses  of  iodine  (200  micrograms  per 
dav)  to  pregnant  women  living  in  a  goitrous  area. 

Other  Mineral  Elements.— Some  minerals,  e.g.,  calcium, 
phosphorus,  iron,  and  iodine  have  obvious  functions  in  the 
bodv,  the  part  played  by  others  is  more  obscure.  1  he  toetus, 
infant,  and  child  require  a  supply  of  all  elements  ^ound  in 
the  adult  body  as  part  of  the  requirements  of  growth.  Most 
mineral  elements  also  play  another  important  role  both  during 
growth  and  in  adult  life.  In  solution  in  the  watery  phase  of 
the  body  they  exert  chemical  actions  that  are  part  of  the  living 
process.  Without  an  adequate  supply  of  these  mineral 
elements  life  ceases.  Shohb-^  has  grouped  the  elements 
found  in  biological  material  into  five  classes  : — 

1.  Carbon,  Hydrogen,  Oxygen,  and  Nitrogen. — These  form 
the  basis  of  the  organic  substances — proteins,  carbohydrates, 
and  fats,  the  details  of  which  have  already  been  considered. 

2.  Sodium,  Potassium,  Calcium,  and  Magnesium. — These  are 
the  electro-positive  elements  in  the  tissue  fluids.  Calcium 
metabolism  in  the  foetus  has  already  been  considered,  the 
other  three  will  be  considered  briefly. 

3.  Chlorine,  Phosphorus,  and  Sulphur. — These  are  the 
electro-negative  elements :  in  addition  they  are  found  in 
organic  compounds.  Thus  they  have  a  twofold  function. 
The  metabolism  of  each  in  the  maternal-foetal  system  will  be 
considered  briefly. 

4.  Iron  and  Iodine. — These  have  special  functions  and  have 
already  been  considered. 

5.  Trace  Elements. — These  may  have  a  specific  function  in 
the  body  or  be  present  as  contaminants.  The  metabolism 
of  copper  has  already  been  discussed  ;  the  others  will  not  be 
reviewed  here. 

a.  Sodium. — Although  all  tissues  contain  traces  of  sodium, 
cartilage  being  richer  than  others,  most  of  the  sodium  in  the 
body  is  found  combined  with  chlorine  and  bicarbonate  in  the 
extracellular  fluids.  Its  function  is  largely  the  control  of 
osmotic  pressure  and  the  maintenance  of  the  fine  balance 
between  the  cellular  and  extracellular  fluids.^^® 
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The  young  fcetus  contains  relatively  more  sodium  than  the 
newborn  infant,  which  in  turn  contains  relatively  more  than 
the  adult,  owing  to  the  higher  percentage  of  extracellular 
fluid  in  the  foetus — namely,  71  :  29,  compared  with  42  :  58 
in  the  adult. 

Serum-sodium  values  in  the  umbilical  cord  blood  at  birth 
are  slightly  higher  than  the  figures  obtained  for  maternal 
blood.126-128  pregnant  woman  retains  considerable 

quantities  of  sodium  during  pregnancy,  even  in  excess  of  that 
required  to  meet  the  demands  of  the  foetus. jg  probable 
that  some  of  this  is  stored  in  the  plasma,  for  it  has  been  found 
that  the  sodium  content  is  slightly  increased  in  pregnancy 
if  this  is  so,  in  spite  of  the  hydraemia  that  occurs,  an  appreciable 
amount  would  be  accounted  for  in  this  manner. 

b.  Chlorine. — Chlorine  is  present  in  all  tissue  fluids  and 
especially  in  secretions  and  excretions,  but  its  chief  function 
is  as  the  principal  electro-negative  element  in  the  extracellular 
fluids,  where  it  is  combined  with  sodium.  For  the  same 
reasons  that  the  sodium  content  of  the  foetus  diminishes  with 
age,  so  the  chloride  content  diminishes. 

The  retention  of  chlorine  by  the  pregnant  woman  is  also  in 
excess  of  that  actually  needed  for  the  foetus. 

c.  Potassium. — Potassium  plays  the  same  role  in  the  intra¬ 
cellular  fluids  as  sodium  occupies  in  the  extracellular. 
Together  with  magnesium,  they  form  the  electro-positive 
elements  of  the  tissue  fluid,  the  electro-negative  components 
being  protein,  sulphates,  and  phosphates,^^^  so  that  as  tissue  is 
being  built  up  with  protein  (growth),  potassium  is  necessary 
for  the  completion  of  the  tissue  fluids.  The  percentages  of 
potassium  present  in  the  foetus  and  the  newborn  are  constant. 

The  potassium  content  of  cord  blood  is  higher  than  that  of 
maternal  blood^^^  ^nd  remains  high  for  some  time  during 
the  neonatal  period. In  the  maternal  blood,  as  with 
all  blood,  most  of  the  potassium  is  in  the  red  corpuscles, 
where  the  concentration  170  micrograms/litre  of  water  is 
thirty-four  times  the  concentration  in  the  serum  (5  micro¬ 
grams  per  litre). 

The  potassium  in  the  serum  is  constant  and  even  in  preg¬ 
nancy  it  does  not  alter.^^^  The  ingestion  of  large  amounts  of 
potassium  by  mouth  does  not  raise  the  level  in  the  serum. 
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The  pregnant  woman  retains  more  potassium  than  is  needed 

by  the  foetus.^^®*  •  •  u 

d.  Magnesium. — About  75  cent  of  the  magnesium  in  the 

body  is  in  the  skeleton  ;  the  remainder  is  associated  with 
potassium  as  the  electro-positive  elements  in  cellular  fluids. 

About  80  per  cent  of  the  magnesium  in  the  blood  is  in  the 
red  cells,  the  balance  is  in  the  serum  and  approximately 
80  per  cent  of  the  latter  is  ultrafiltrable,  amounting  to  0-9  mg. 
to  1-3  mg.  per  100  c.c.^^^ 

At  least  two  studies  have  been  made  of  the  maternal  and 
foetal  levels  of  serum-magnesium.  In  one  series  of  observa¬ 
tions^^  the  magnesium  contents  of  foetal  and  maternal  serum 
were  found  to  be  about  the  same  in  the  majority  of  cases, 
although  in  a  few  instances  higher  values  were  obtained  in 
the  foetus.  In  the  other  investigation^^®  the  cord  blood  of 
the  newborn  infant  had  an  average  serum-magnesium  about 
30  per  cent  above  that  of  its  mother.  More  work  is  required 
in  this  field  to  decide  this  point. 

The  level  of  magnesium  in  the  blood  of  pregnant  women 
was  observed  to  fall  slightly  toward  the  end  of  pregnancy.^^® 
Prolonged  mineral  balance  studies  on  one  pregnant  woman^^® 
confirmed  the  work  of  other  observers  that  magnesium  is 
stored  in  the  maternal  tissues  during  pregnancy,  for  the 
retention  is  greater  than  the  fcetal  demands. 

e.  Sulphur. — Although  sulphates  form  part  of  the  electro¬ 
negative  phase  of  cellular  fluids,  and  small  amounts  of  inorganic 
sulphur  occur  in  the  blood  and  tissues,  the  greater  part  of 
the  sulphur  in  the  human  body  is  found  in  proteins  (thio-amino- 
acids),  in  carbohydrates  (glutathionic  acid  of  mucin,  and  chon- 
droitin  sulphuric  acid  of  cartilages  and  ligaments),  and  in  lipids. 

Some  sulphur  would  be  transferred  to  the  foetus  with  such 
of  these  compounds  as  can  cross  the  placenta,  e.g.,  amino- 
acids.  The  inorganic  sulphate  of  the  blood-plasma,  which 
varies  from  o-8  mg.  to  17  mg.  per  100  c.c.,  would  provide 
an  important  source  of  this  element  for  the  foetus. 
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Chapter  IV 

F(ETAL  NUTRITION— VITAMINS 

VITAMIN  A 

T’he  physiological  eflfect  of  vitamin  A  is  achieved  by  both 
vitamin  A  and  several  carotenoids,  of  which  ^-carotene  is  the 
most  important.  The  carotenoids  are  related  to  plant  pig¬ 
ments  and  have  their  origin  in  plants.  Certain  carotenoids 
can  be  converted  into  vitamin  A  in  the  animal  body  ;  they 
have  no  biological  activity  themselves  which  is  derived  from 
the  transformation.  The  mechanism  of  conversion  is  not 
known  and,  moreover,  the  ability  of  man  to  utilize  efficiently 
the  vitamin-A  activity  of  ^-carotene  still  awaits  proof.  It  is 
certain  that  he  can  convert  small  amounts  to  vitamin-A 
activity. 

Biological  tests  made  under  specified  conditions  have  shown 
that 

0-6  microgram  of  ^-carotene  =  i  International  unit  of 

vitamin  A 

The  conditions  imposed  in  these  tests  are  different  from 
those  found  in  normal  infants  on  a  mixed  diet.  When  the 
difficulties  of  absorption  of  carotene  from  the  human  gut  are 
taken  into  account  it  is  probable  that  weight  for  weight  vita¬ 
min  A  is  six  to  ten  times  more  effective  as  a  source  of 
vitamin-A  activity  than  [3-carotene. 

Vitamin  A  has  been  found  in  the  liver  of  the  foetus  at  all 
ages  as  well  as  in  the  liver  of  the  newborn  infant.  Analyses 
have  shown  that  the  total  quantity  increases  rapidly  as  the 
age  of  the  foetus  advances.^  Observations  made  by  Clausen^ 
on  umbilical  cord  blood  at  birth  have  shown  that  “  in  every 
case  without  exception  the  concentration  of  carotenoids  in 
the  blood  of  the  umbilical  vein,  i.e.,  in  the  blood  passing 
into  the  infant’s  body,  was  greater  than  the  concentration  of 
carotenoids  in  the  blood  of  the  umbilical  artery  ”.  Thus  it 
seems  the  foetus  obtains  some  of  its  vitamin-A  stores  as 
carotene.  The  liver  of  the  full-term  mature  infant  contains 
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substances  possessing  vitamin-A  activity  ;  these  substances 

include  both  vitamin  A  and  carotene.  > 

A  wide  range  has  been  recorded  in  the  vitamm-A  content 
of  the  liver  of  full-term  infants,  indicating  a  variation  in  the 
transfer  of  the  vitamin  across  the  placenta.  The  figures  in 
Table  IV  are  from  a  series  of  observations  by  Lewis  and  his 

co-workers.  “ 


Table  7 F.— Vitamin- A  Content  of 
OF  Full-term  Newborn 


Total  Vitamin-A  Content 
of  Liver,  i.u. 

7.420 

5.200 
6,470 

7.200 
24,000 
36,600 
61,380 


Livers  of  a  Number 
Infants 
Vitamin-A  Content  i.ii. 
per  cent  of  Liver 
53 
55 
66 
72 

204 

282 

341 


Finality  has  not  yet  been  established  as  to  the  source  of 
the  vitamin  A  in  the  foetus  and  newborn  infant.  Analyses 
made  on  maternal  and  infant  blood  at  term  have  revealed 
higher  values  for  both  vitamin  A  and  carotene  in  maternal 
venous  plasma  than  in  the  plasma  from  either  the  umbilical 
vein  or  artery. ®  Whilst  a  diflference  has  been  noted 
in  the  carotene  levels  in  the  umbilical  vein  and  artery,  no 
such  difiFerence  has  been  found  in  the  vitamin-A  levels  in 
the  two  vessels.  This  observation  may  be  useful  in  the 
study  of  the  sources  of  vitamin  A  for  the  foetus. 

The  concentration  of  carotenoids  in  the  placenta  was  found 
to  be  lower  than  that  in  the  maternal  venous  blood  but  higher 
than  that  in  the  infant’s  blood,  whereas  the  value  for  vita¬ 
min  A  was  lower  than  that  found  in  both  maternal  and 
infantile  serum. ^ 

From  a  number  of  experiments  with  human  subjects  it  is 
apparent  that  the  vitamin-A  content  of  the  plasma  of  the 
infant’s  blood  is  independent  of  the  maternal  vitamin-A 
metabolism.®  Low  maternal  values  were  not  reflected  by  the 
foetus.  The  administration  of  excessive  amounts  of  vitamin  A 
to  tht  mother  elevated  the  maternal  blood-levels®'  ®’  without 
a  corresponding  rise  in  foetal  values.  On  the  other  hand  foetal 
plasma-carotene  was  found  to  vary  regularly  with  the  maternal 
plasma-carotene,  but  to  be  about  one-tenth  of  its  value.®*  ® 
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On  the  facts  at  present  available  a  conclusion  cannot  be 
drawn  to  the  problem  of  vitamin-A  transmission.  Evidence 
has  not  been  produced  to  demonstrate  that  vitamin  A  actually 
does  cross  the  placenta,  whilst  the  observation  that  the 
vitamin-A  content  of  plasma  from  umbilical  vein  and  artery 
are  identical,  suggests  that  it  does  not.  Of  equal  importance 
is  the  finding  that  vitamin-A  levels  in  the  foetus  are  uninflu¬ 
enced  by  maternal  levels.  However,  against  this  reasoning 
is  the  high  concentration  of  vitamin  A  found  in  the  liver  of 
the  newborn  infant.  This  is  a  large  quantity  to  be  derived 
solely  from  carotene. 

In  the  normal  adult  the  level  of  vitamin  A  in  the  blood 
remains  relatively  constant  except  in  the  advanced  stages  of 
vitamin-A  deficiency  disease.  Even  during  a  period  of 
inadequate  vitamin-A  intake  the  level  in  the  blood  does  not 
fall  until  the  vitamin-A  stores  in  the  body  are  exhausted. 

In  the  pregnant  woman  the  vitamin-A  content  of  the  plasma 
falls  as  pregnancy  advances,  the  final  figures  being  about 
8o  per  cent  of  those  of  the  non-pregnant  woman.^^*  This 
fall  could  be  explained  by  the  physiological  hydraemia  that 
occurs  towards  the  end  of  pregnancy.  It  has  been  found 
that  the  plasma-vitamin-A  level  is  increased  after  the  inges¬ 
tion  of  a  significant  amount  of  vitamin  A,  the  peak  being 
reached  in  3-5  hours  after  an  oral  dose.^^ 

The  carotene  content  of  the  blood  changes  rapidly  with  the 
intake.  High  intakes  are  associated  with  high  levels  in  the 
blood  during  the  transfer  of  the  carotene  from  the  intestines 
to  the  liver.  9  When  the  diet  is  deficient  in  carotene  the 

carotene  content  of  the  blood  falls  quickly. 

Thus  it  seems  that  a  number  of  factors  operate  to  affect 
the  vitamin-A  stores  of  the  full-term  newborn  infant; 
whilst  it  is  probable  that  the  level  of  the  vitamin  m  the 
maternal  diet  is  one  factor,  the  data  available  do  not  as 
yet  permit  of  this  conclusion. 

THIAMINE 

Information  relating  to  the  thiamine  metabolism  of  the 
placenta  is  not  so  complete  as  it  is  for  some  other  nutrients. 
The  foetus  at  varying  stages  of  gestation  and  t  e  nen  or 
infant  have  been  found  to  contain  significant  quantities  ot 
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thiamine.15  The  foetus  obtains  its  thiamine  requirements  and 
reserves  from  maternal  blood,  therefore  details  of  the  factors 
affecting  the  concentration  of  this  vitamin  in  the  blood  are 
relevant  to  this  inquiry. 

I'hiamine  occurs  in  the  blood  in  two  forms  as  tree 
thiamine,  and  the  phosphorylated  form,  cocarboxylase.  Free 
thiamine  occurs  in  the  plasma  and  represents  about  lo  per 
cent  of  the  total  thiamine  present ;  the  remainder  is  located 
in  the  blood-cells  and  is  in  the  phosphorylated  form.  The 
concentration  of  free  thiamine  in  the  normal  individual 
lies  between  0'5  and  i‘0  micrograms  per  lOO  c.c.,^®  and  that 
of  cocarboxylase  between  4*5  ^tid  i2’0  micrograms  per 
100  c.c.^'"^^  Free  thiamine  is  the  form  in  which  it  is  trans¬ 
ported  from  the  intestinal  tract  to  the  tissues.  The  results  of 
the  interesting  experiment  by  Borsook  and  others,^®  in  which 
they  injected  thiamine  containing  radio-active  sulphur  into 
human  subjects,  demonstrated  that  thiamine  is  being  continu¬ 
ously  released  from  the  cocarboxylase  in  tissue.  They  found 
a  rapid  increase  in  the  urinary  thiamine  following  the  injec¬ 
tion,  but  radio-active  thiamine  did  not  appear  in  the  urine 
until  the  second  day  after  the  injection.  Apparently  the 
injected  thiamine  had  replaced  in  the  tissues  that  excreted  on 
the  first  day  of  the  experiment.  Free  thiamine,  but  not 
cocarboxylase,  has  been  demonstrated  in  the  cerebrospinal 
fluid, indicating  that  the  former  is  diffusable  and  the 
latter  not. 

'Fhe  method  of  transmission  of  thiamine  across  the  placenta 
has  been  demonstrated  by  a  number  of  studies.  Neuweiler^^ 
investigated  the  thiamine  concentration  in  maternal  blood, 
the  placenta,  and  the  umbilical  cord  blood  of  a  number 
of  cases.  The  figures  obtained  by  Neuweiler  are  higher 
than  those  recorded  by  most  other  workers,  so  that  it  is 
difficult  to  place  any  interpretation  on  the  absolute  value, 
but  the  relationship  between  Neuweiler’s  figures  is  of 
interest. 

A  number  of  the  women  investigated  by  this  worker 
were  given  50  mg.  thiamine  just  prior  to  delivery,  and 
the  thiamine  and  cocarboxylase  values  were  studied  in 
these  cases.  The  results  are  shown  in  Table  V,  on  the 
following  page. 
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Table  V. — Thiamine  and  Cocarboxylase  Content  of  Maternal 
AND  Cord  Blood  and  Placenta.*  {After  Nemveiler^^) 


Form  of 

Maternal 

Umbilical 

Umbilical 

Thiamine 

Blood 

Placenta  1  Vein 

Artery 

Without  previous  injection  of  thiamine 

Free 

3*6 

4-8  6-3 

4-4 

Combined 

13-0 

18-38  170 

140 

Aftet 

injection  of  50  mg.  thiamine 

Free 

71-0 

—  ]  25-0 

15-0 

Combined 

44-0 

—  !  120 

; 

120 

*  Values  expressed  as  micrograms  per  loo  c.c.  or  loo  g. 


These  findings  were  confirmed  by  Hildebrandt  and 
Abderhalden,!^  ^Iso  gave  intravenous  injections  of  thia¬ 
mine  to  pregnant  women  and  found  a  marked  rise  in  the 
free  thiamine  content  of  the  placenta.  One  feature  of  the 
investigation  by  Neuweiler  confirmed  the  earlier  work  by 
Ritsert,22  who  showed  that  plasma-thiamine  values  rise  rapidly 
following  intravenous  injection  of  thiamine  and  fall  equally 
rapidly. 

From  these  and  other  investigations-^'^*^  the  following  facts 


emerge  : — 

Xhe  total  thiamine  content  of  umbilical  venous  blood 
is  higher  than  the  level  in  maternal  blood. 

2.  Little  or  no  difference  exists  between  the  cocarboxylase 
values  for  umbilical,  venous,  and  arterial  blood. 

T.  The  free  thiamine  value  of  umbilical  venous  blood  is 
higher  than  the  umbilical  arterial  blood  both  before  and  after 
injection  of  thiamine  to  the  mother  just  prior  to  delivery. 

4.  The  foetus  obtains  thiamine  from  the  free  thiamine  m 

the  maternal  blood-plasma. 

c  The  placenta  seems  to  have  the  capacity  to  trap  tree 
thiamine  and  secrete  it  to  the  fetus.  The  level  of  secret.on 
depends  upon  the  amount  of  free  th, amine  present  m  the 
placenta,  Lich  in  turn  is  influenced  hy  the  concentration 

"  Itt  nlTnecessary  to  inquire  into  the  level  of  f«e  ‘hiamine 
in  maternal  blood  and  of  the  manner  m  which  it  can  be 
affected  The  limited  amount  of  work  which  has  een  01 
on  the  subject  shows  that  the  value  is  not  the  same  for  all 
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persons  but  that  the  ‘.normal’  figures 

L-.-o  micrograms  per  .00  c  c.>«.  “•  V^denbauer  and 

Others^®  studied  the  free  thiamine  content  of  blood-serum  and 
found  the  values  in  pregnant  and  lactating  women  to  be 
lower  than  those  in  non-pregnant  women.  'I  he  administra¬ 
tion  of  thiamine  to  women  with  low  values  raised  the  plasma 
level  to  normal,  but  they  found  it  was  not  possible  to  main¬ 
tain  a  concentration  above  normal  even  with  large  doses  of 
thiamine,  owing,  no  doubt,  to  the  phosphorylation  of 
thiamine  by  the  liver  and  kidneys  and  to  the  urinary  excre¬ 
tion.  Low  values  in  pregnant  women  could,  however,  be 
corrected  by  the  administration  of  thiamine. 

Much  more  work  requires  to  be  done  on  the  free  thiamine 


content  of  blood-plasma,  and  especially  in  pregnant  women, 
before  it  is  possible  to  determine  the  factors  necessary  to 
ensure  the  maximum  transfer  of  thiamine  to  the  foetus. 

Several  studies  of  the  urinary  excretion  of  thiamine  by 
pregnant  women  have  demonstrated  an  increased  demand  for 
thiamine  by  the  maternal  and  foetal  system  as  pregnancy 
advances.  Van  Coevorden  determined  the  daily  thiamine 
excretion  by  loo  pregnant  women,  and  found  that  the  amount 
fell  as  pregnancy  advanced  ;  they  were  apparently  on  a  diet 
with  fairly  constant  thiamine  intake.  The  average  daily 
excretions  of  thiamine  obtained  by  Van  Coevorden^^  are 
shown  below  : — 


6th  month  average,  92  micrograms  thiamine  per  day 
7th  month  average,  86  micrograms  thiamine  per  day 
8th  month  average,  74  micrograms  thiamine  per  day 
9th  month  average,  60  micrograms  thiamine  per  day 
loth  month  average,  46  micrograms  thiamine  per  day 

The  actual  figures  obtained  by  Van  Coevorden  are 
appreciably  lower  than  those  recorded  by  most  other  workers, 
and  whilst  the  absolute  level  of  excretion  may  not  be  significant 
the  drop  recorded  as  pregnancy  advanced  is  noteworthy. 

Siddall  and  IVIulF®  found  that  the  daily  thiamine  ex¬ 
cretion  by  pregnant  women  fell  from  the  first  to  the  third 
trimester.  Patients  on  well-balanced  diet  returned  the  follow¬ 
ing  values  : — 

1st  trimester  average,  286  micrograms  per  day 
2nd  trimester  average,  263  micrograms  per  day 
3rd  trimester  average,  249  micrograms  per  day 


46 


INFANT  NUTRITION 


L-ockhart  and  others^^  injected  thiamine  into  a  series  of 
pregnant  women  at  various  stages  in  pregnancy  and  estimated 
the  amount  required  to  reach  the  peak  of  excretion.  These 
tests  were  carried  out  for  4-6  days  at  the  end  of  each  lunar 
month.  Between  tests  the  patients  lived  on  institutional 
diets  which  had  a  thiamine  content  which  varied  between 
0-24  mg.  and  i*6i  mg.  daily,  with  an  average  value  of 
1-05  mg. 

These  workers  found  that  in  the  tenth  lunar  month  a 
pregnant  woman  required  three  times  as  much  as  a  non¬ 
pregnant  woman  to  reach  the  peak  of  urinary  excretion. 
One  conclusion  from  this  experiment  is  that  between  test 
periods  the  institutional  diet  which  provided  an  average  of 
I  ‘05  mg.  thiamine  was  not  sufficient  to  meet  the  foetal  demands 
and  the  maternal  tissue  became  progressively  desaturated. 

The  evidence  available  supports  the  suggestions  that  the 
thiamine  requirements  in  pregnancy  are  appreciably  above 
those  of  the  non-pregnant  woman.  If  the  intake  is  inadequate 
the  maternal  tissues  suffer  some  depletion  ;  in  cases  of  a 
grosslv  inadequate  intake  the  effects  are  manifested  in  the 
development  of  polyneuritis  in  the  mother. 

At  the  present  time  we  have  not  sufficient  information  to 
say  whether  the  foetal  requirements  are  affected  by  an 
inadequate  maternal  intake.  From  parallel  data  for  some 
other  water-soluble  vitamin,  e.g.,  niacin  (c.f.),  it  is  probable 
that  the  stores  in  the  foetus  are  affected. 


RIBOFLAVIN 

Up  to  the  time  of  writing,  the  general  studies  on  riboflavin 
metabolism  had  not  advanced  sufficiently  to  supply  t  e 
necessary  background  data  to  enable  an  inquiry  to  be 
extended  profitably  to  the  riboflavin  metabolism  during 


Examinations  have  been  made  of  the  riboflavin  content  of 
adult  whole  blood, =2.  ”  but  as  yet  satisfactory  steps  have 
not  been  taken  to  ascertain  how  much  of  this  vitamin  is 
located  in  the  blood-cells  and  how  much  is  in  the  f"™ 
in  the  plasma.  Moreover,  I  have  not  been  able  to  find  y 
studies  which  would  show  the  method  of  transmission  of 
riboflavin  across  the  placenta. 
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'Fhe  work  of  Braun  and  others  in  Palestine^^  revealed  that 
during  pregnancy,  and  especially  during  the  last  trimester 
the  demand  for  riboflavin  by  the  foetus  precipitated  clinical 
manifestation  of  riboflavin  deficiency  in  some  20  per  cent  ot 
pregnant  women  studied.  'Fhe  daily  intake  of  riboflavin  ot 
the  group  was  less  than  1*3  mg.,  and  in  a  number  of  those 
who  manifested  the  signs  of  ariboflavinosis  the  urinary  excre¬ 
tion  of  riboflavin  was  less  than  one-third  of  that  of  non¬ 
pregnant  women.  'I'hese  workers  found  that  the  signs  and 
symptoms  responded  to  riboflavin  therapy  and  that  a  number 
of  cases  that  did  not  have  therapy  cleared  up  spontaneously 
following  delivery. 

The  average  daily  intake  of  f3  mg.  riboflavin  was  about 
half  that  recommended  (see  Chapter  V),  hence  it  is  reasonable 
to  assume  that  many  of  the  subjects  would  be  eating  a  diet 
containing  from  one-quarter  to  one-third  of  the  recommended 
allowance  for  a  pregnant  woman. 

This  observation  by  Braun  is  somewhat  similar  to  those 
recorded  by  several  workers  of  the  thiamine  metabolism  during 
pregnancy.  In  these  latter  studies  an  enhanced  demand  by 
the  foetus  was  found  to  occur  during  the  last  three  months  of 
pregnancy. 

Much  more  work  will  have  to  be  done  in  this  field  to 
elucidate  the  riboflavin  metabolism  of  the  foetus. 


NIACIN  (NICOTINIC  ACID) 

I'he  foetus  and  the  newborn  infant  have  been  shown^^  to 
contain  niacin  ;  the  amount  in  the  liver  and  heart  increases 
as  the  foetus  nears  maturity.  Niacin  occurs  in  the  maternal 
blood  in  two  forms — the  free  form,  confined  to  the  plasma, 
and  the  combined  form,  almost  all  of  which  is  present  in  the 
enzyme  systems  and  is  located  in  the  blood-cells.  'Fhe  total 
niacin  content  of  the  blood  has  been  recorded  by  a  number 
of  investigators^®"^^  and  in  general  the  ranges  lie  between  0*30 
and  o-8o  mg.  per  cent.  The  differences  noted  to  occur 
between  the  results  of  different  laboratories  are,  no  doubt, 
due  to  variations  in  the  techniques  employed. 

About  10  per  cent^'*  of  the  total  niacin  is  present  in  the 
free  form  in  the  plasma.  Melnick  and  his  co-workers,^^  who 
studied  this  aspect  of  the  problem  in  some  detail,  found  that 
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the  percentage  varied  from  4  to  i8  and  that  the  absolute 
value  for  the  plasma-niacin  bore  no  relationship  to  the  total 
niacin  figure. 

Both  the  free  and  total  niacin  have  been  found^^  to  respond 
to  dosage  with  niacin.  Following  a  dose  of  500  mg.  taken 
after  a  period  of  fasting,  the  most  marked  response  was  in  the 
free  niacin.  An  increase  of  eightfold  occurred  in  the  first 
hour  and  the  plasma  level  returned  to  normal  within  several 
hours.  The  total  niacin  figures  showed  a  rise  which,  although 
not  as  great,  actually  lasted  longer  than  the  rise  in  the  free 
niacin  values. 

A  sustained  rise  in  the  total  niacin  occurred  after  nine  doses 
of  500  mg.  each  given  at  two-hourly  intervals.  Although  the 
total  niacin  was  elevated  for  several  days  following  the  dosage, 
there  was  scarcely  any  appreciable  persistent  rise  in  the 
plasma  level,  showing  that  the  slight  rise  that  occurred  after 
each  oral  dose  was  too  transient  to  affect  the  permanent  level. 

A  difference  has  been  recorded^^  between  maternal  and 
fcetal  blood-niacin  levels,  higher  figures  being  obtained  for 
the  latter.  Comparatively  high  values,  up  to  i-i8  mg.  per 
100  g.  (normal  blood  0*6  mg.  per  100  c.c.)  have  been  recorded 
in  the  placenta.  These  two  facts  strongly  suggest  that  with 
reference  to  this  vitamin  the  placenta  acts  as  a  trap,  a  reser¬ 
voir,  and  finally  a  secretory  mechanism  for  the  foetal  supply. 

In  the  umbilical  cord  the  venous  blood  has  been  found 
to  contain  more  niacin  than  the  arterial  blood.  Neuweiler 
found  that  when  large  doses  of  nicotinic  acid  were  given 
shortly  before  parturition  there  was  an  increase  in  the  nicotinic 
acid  content  of  maternal  and  foetal  blood,  the  transfer  to  the 

foetus  occurring  very  rapidly. 

The  level  of  total  niacin  in  the  blood  is  a  fairly  constant 
figure.  Several  investigators^®-*^  have  found  that  the  blood 
of  pellagrins  and  those  suffering  from  such  diseases  as  beri¬ 
beri,  ariboflavinosis,  osteomalacia,  and  scurvy  contains  the 
same  amount  of  total  niacin  as  normal  persons.  The  source 
of  niacin  in  the  maternal  blood  and  tissue  has  been  the  subject 
of  much  investigation.  There  is  now  an  appreciable  amount 
of  evidence*^  which  suggests  that  considerable  amounts,  even 
up  to  8;  per  cent,  of  the  niacin  requirements  of  man  are 
synthesized  in  the  intestine,  provided  that  the  diet  is  balanced 
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and  adequate.  When  the  diet  is  poor,  and  especially  when 
deficient  in  protein  and  other  vitamins,  the  amount  synthesized 
appears  to  be  inadequate  and  pellagra  develops. 

ASCORBIC  ACID 

d'here  is  ample  indirect  evidence  that  the  developing  foetus 
obtains  considerable  quantities  of  ascorbic  acid  from  maternal 
sources.  However,  direct  evidence  that  this  is  so  is  neither 
extensive  nor  reliable.  It  is  probable  that  the  fcetal  liver 
carries  rich  stores  of  ascorbic  acid,  but,  although  at  least  two 
surveys  have  been  made  of  the  ascorbic  acid  concentration 
in  the  liver  of  infants,  it  is  doubtful  whether  the  results  are 
of  any  great  significance.  Toverud'*^  found  the  av'erage  for 
full-term  infants  at  birth  was  7-01  mg.  per  100  g.  (range 
2-7  to  10-4  mg.  per  100  g.),  whereas  Ingalls^^  found  values 
ranging  from  20  to  75  mg.  per  100  g.  Both  these  results 
were  obtained  by  titration  methods,  and  it  is  certain  that 
substances  other  than  ascorbic  acid  present  in  the  liver  would 
reduce  the  reagent. 

The  maternal  source  of  ascorbic  acid  would  be  that  present 
in  the  plasma  which  constitutes  at  least  half  the  quantity  in 
whole  blood.  The  remainder  is  located  in  the  blood-cells 
and  would  not  be  in  a  form  that  could  pass  across  the 
placenta. 

Several  studies  have  been  made  of  the  levels  of  ascorbic 
acid  in  maternal  plasma  at  term  and  in  the  cord  blood. ^^-55 
All  found  the  concentration  in  the  latter  to  be  greater  than  in 
the  former,  but  to  bear  a  relationship  to  maternal  levels.  The 
following  figures  are  taken  from  the  work  of  Teel  and  co- 
workers^®  {Table  VI). 


Table  F/.— Relationship  of  Maternal  to  Fcetal  Plasma- 
ascorbic-acid  Levels.  {After  Teel  and  others^^) 


Assessment  of  Nutritive 
Value  of  Maternal  Diet 


Plasma-ascorbic-acid 

MG.,  100  ML. 


Optimal 

Sub-optimal 

Deficient 


Maternal 

Umbilical  Cord 

0-88 

1-77 

0-44 

I-IQ 

024 

0-89 
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One  group  of  workers^®  found  that  the  concentration  of 
ascorbic  acid  in  the  blood-corpuscles  of  the  mother  and  new¬ 
born  infant  were  identical.  The  concentration  of  ascorbic 
acid  is  higher  in  the  plasma  in  the  umbilical  vein  than  in  the 
umbilical  artery — a  difference  of  o-i  mg.  per  loo  c.c.  has 
been  recorded.^^  The  administration  of  ascorbic  acid  to  the 
mother  either  orally  or  by  intravenous  injection  just  before 
delivery  is  followed  by  a  rise  in  maternal  plasma  levels  and 
a  corresponding  rise  in  foetal  plasma  figures.  This  occurred 
even  when  delivery  occurred  within  an  hour  of  an  intra¬ 
venous  injection. In  these  cases  the  differences  between 
maternal  and  foetal  figures  were  smaller,  indicating  that  the 
maximum  values  for  foetal  plasma-ascorbic-acid  can  only  be 
achieved  when  the  level  in  maternal  plasma  is  high.^®’ 

The  ascorbic-acid  content  of  the  placenta  has  been  studied 
in  some  detail  figures  for  the  total  concentration  have 

been  found  to  lie  between  those  for  the  maternal  plasma  and 
foetal  plasma.  Scipiades^®  found  ascorbic  acid  was  most 
constantly  in  the  decidua  and  he  regarded  this  as  the  store¬ 
house  of  the  vitamin.  However,  both  this  worker  and 
Neuweiler^’  found  the  highest  concentration  in  the  syn¬ 
cytium,  and  for  this  reason  considered  that  the  most  active 
metabolism  occurred  here. 

McDevitt  and  others^®  examined  the  blood-plasma  of 
women  shortly  before  delivery  and  six  hours  after.  Blood 
was  also  taken  from  the  umbilical  cord  at  delivery.  They 
confirmed  the  finding  that  the  foetal  plasma-ascorbic-acid 
values  were  higher  in  every  case.  No  change  was  recorded 
in  the  value  for  maternal  blood  after  delivery.  On  this 
evidence  these  workers  considered  that  the  placenta  is  capable 
of  concentrating  the  supplies  of  ascorbic  acid  and  then 

excreting  it  into  the  foetal  blood. 

The  concentration  of  ascorbic  acid  in  the  plasma  is 
influenced  strongly,  if  not  entirely,  by  the  ascorbic-acid 
content  of  the  diet.'‘-47  por  this  reason  it  is  scarcely  practica 
to  quote  a  value  for  the  plasma-ascorbic-acid  m  the  normal 
non-pregnant  adult.  It  seems  that  the  usually  accepted 
maximum  figure  is  i-6  mg.  per  lOO  ml.  ;  but  many  observers 
have  recorded  nil  for  the  plasma-ascorbic-acid  in  persons 
who  failed  to  exhibit  any  clinical  abnormalities. 
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In  pregnancy  the  plasma-ascorbic-acid  level  is  dependent 
upon  the  dietar\^  intake  of  ascorbic  acid,  the  stage  of  preg¬ 
nancy,  and  the  absence  of  complications.  High  intakes  of 
ascorbic  acid  are  reflected  in  high  plasma  values  and  low 
intakes  with  low  plasma  figures  ;  the  results  of  one  investiga¬ 
tion  illustrate  this  point.^«  The  dietary  histones  were 
recorded  for  197  women,  who  were  divided  into  three  groups 
according  to  the  ascorbic-acid  content  of  the  diet.  The  mean 
plasma-ascorbic-acid  values  for  the  subjects  in  each  group 
were  as  follows  : — 

Adequate  diet  .  .  0  95  mg.  per  100  ml. 

Fairly  good  diet  . .  0  52  mg.  per  too  ml. 

Poor  diet  ..  ..  018  mg.  per  too  ml. 

Similar  results  have  been  recorded  by  other  studies.'*®  • 

At  least  one  investigation  has  found  that  the  season  of  the 
year  affects  the  plasma-ascorbic-acid  level.  In  Newfound¬ 
land,  McDevitt  and  others®*  found  the  values  were  highest 
in  the  autumn  and  lowest  in  the  spring. 

It  has  been  shown  that  the  plasma-ascorbic-acid  value  falls 
as  pregnancy  advances  ;  especially  is  this  so  when  the  dietary 
intake  is  sub-optimal.*®“®®  The  ascorbic-acid  content  of  the 
corpuscles  is  unchanged.®®  High  plasma-ascorbic-acid  values 
can  be  maintained  in  the  pregnant  woman*®  by  diets  rich 
in  the  vitamin,  and  low  values  can  be  raised  either  by  the 
use  of  appropriate  dose  of  synthetic  ascorbic  acid  or  by  the 
consumption  of  fruit  juices  rich  in  the  vitamin.®® 

ITe  data  here  presented  show  that  the  fcetus  is  dependent 
upon  the  degree  of  maternal  saturation  with  ascorbic  acid 
for  the  level  of  its  supplies.  The  placenta  apparently  has  the 
capacity  of  withdrawing  from  the  maternal  plasma  considerable 
quantities  of  ascorbic  acid.  If  the  maternal  intake  is  below 
optimal,  the  maternal  plasma-ascorbic-acid  value  falls  as 
pregnancy  progresses.  This  fall  can  be  prevented  and  the 
foetal  requirements  can  be  met  more  readily  by  the  consump¬ 
tion  by  the  pregnant  woman  of  an  adequate  amount  of  ascorbic 
acid.  This  is  particularly  necessary  in  the  third  trimester, 
for  the  indications  are  that  the  demand  is  greater  during  this 
period  than  earlier.  Even  though  the  placenta  has  the 
capacity  of  withdrawing  the  vitamin  from  the  maternal  plasma, 
the  amount  it  can  and  does  obtain  bears  a  direct  relationship 
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to  the  maternal  level.  This  means  that  it  does  not  obtain  its 
full  requirements  under  all  circumstances,  but  only  when  the 
maternal  levels  are  high. 

VITAMIN  D* 

Although  vitamin  D  is  one  of  the  older  known  vitamins, 
little  is  known  of  its  function  in  the  body.  No  satisfactory 
studies  have  been  made  of  the  transmission  of  the  vitamin 
from  the  mother  to  the  foetus.  There  seems  to  be  no  evidence 
for  the  statement  that  “  vitamin  D  passes  the  placenta  wall 
only  with  difficulty  To  base  this  opinion  on  the  develop¬ 

ment  of  rickets  in  young  animals  whose  mothers  had 
inadequate  supplies  of  vitamin  D  during  pregnancy  is  to 
ignore  the  other  factors  associated  with  the  prevention  of 
rickets — namely,  the  stores  of  calcium  and  phosphorus. 

Vitamin  D  is  present  in  human  blood-plasma,  and  the 
amount  varies  from  65  to  165  i.u.  per  100  c.c.  ;  the  actual 
level  does  not  seem  to  bear  a  relationship  to  the  season  of  the 
year.  The  mean  value  for  the  plasma  of  children  was  almost 
identical  with  the  mean  value  for  that  of  adults.®^ 

The  plasma-vitamin-D  level  responds  to  large  doses  of  the 
vitamin  given  orally.  Adults  were  given  from  50,000  to 
500,000  i.u.  daily  and  the  plasma  levels  rose  roughly  in 
proportion  to  the  daily  dose.  The  highest  level  observed 
by  Warkany  and  his  co-workers®^  was  more  than  a  hundred 
times  that  of  normal  human  blood-serum. 

Whether  the  level  would  respond  so  spectacularly  to 
vitamin  D  obtained  by  sun  exposure  has  not  been  demon¬ 
strated.  It  may  be  that  some  protective  mechanism  in  the 
human  body  prevents  overdosage  with  the  vitamin. 

At  the  present  time  not  enough  data  have  been  collected 
to  allow  any  conclusion  to  be  drawn  of  the  metabolism  of  this 
vitamin  in  the  foetus. 

VITAMIN  E 

Little  is  known  concerning  the  vitamin-E  requirements  of 
man,  and  vitamin-E  deficiency  states  have  not  been  observed 
to  have  occurred  spontaneously  nor  have  they  been  pro  uce 
experimentally  in  man. 


*  For  a  fuller  discussion  on  this  vitamin,  see  p.  198. 
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Claims  have  been  made  that  large  doses  of  vitamin  E  will 
cure  sterility  in  women,  but  none  will  stand  the  close  scrutiny 
of  statistical  treatment.  Following  the  observations  that  in 
some  species  vitamin-E  deficiency  resulted  in  the  develop¬ 
ment  of  muscular  dystrophies,  the  vitamin  was  used  extensively 
for  the  treatment  of  various  muscular  dystrophies  in  human 
subjects,  but  the  results  did  not  permit  any  definite  con¬ 
clusions  to  be  drawn. 

Vitamin  E  has  the  capacity  of  protecting  vitamin  A  and 
carotene  from  oxidation  both  m  the  alimentary  tract  and  in 
the  tissue  cells. For  this  reason  alone  it  has  a  place  in 
human  dietaries  and  a  function  within  the  body.  There  are 
no  grounds  for  assuming  that  vitamin  E  does  not  play  at  least 
this  role  in  the  foetus. 

Vitamin  E  is  found  in  human  plasma.  The  transfer  of  this 
vitamin  across  the  placenta  has  been  studied  by  several 
workers.  The  concentration  in  the  maternal  plasma  rises  as 
pregnancy  advances,  at  term  the  amount  present  being  about 
50  per  cent  greater  than  in  the  early  stages  or  in  non-pregnant 
women. 

The  concentration  in  umbilical-cord  blood  is  significantly 
below  that  of  maternal  blood,®®"®®  but  Athanassiu,®®  who 
examined  both  venous  and  arterial  serum  from  the  cord, 
found  the  former  to  contain  up  to  four  times  as  much  as  the 
latter.  In  his  series  the  concentration  in  the  venous  blood 
was  similar  to  that  in  the  maternal  blood  at  term.  The 
foetus  absorbs  this  vitamin  in  much  the  same  way  as  it  absorbs 
others.  This  does  suggest  that  vitamin  E  is  needed  by  the 
foetus,  although  no  information  is  available  as  to  its  specific 
functions. 

\\  hen  an  injection  of  tocopherol  in  oil  was  given  to  ten 
mothers  4-8  hours  before  delivery,  the  mean  vitamin-E  con¬ 
tent  of  the  cord  blood  rose  over  100  per  cent.®.^  Incidentally, 
m  these  cases  the  maternal  blood  rose  considerably  and  stayed 
up  for  some  weeks  after  delivery’,  whereas  it  has  been  noted®® 
that  in  those  subjects  who  did  not  receive  an  injection  the 
maternal  plasma  level  fell  to  normal  after  delivery. 

These  observations  provide  very’  few  pieces  in  the  jig-saw 
puzzle  of  vitamin-E  metabolism  in  the  foetus.  However,  thev 
do  demonstrate  that  : — 
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1 .  Vitamin  E  is  transmitted  across  the  placenta  to  the  foetus. 

2.  The  amount  transferred  can  be  significantly  influenced  by 
the  concentration  of  vitamin  in  the  maternal  tissue. 

Studies  have  not  yet  been  carried  out  on  the  eflFect  of  various 
types  of  diet  on  the  vitamin-E  concentration  of  maternal  tissue 
or  plasma.  It  has  recently  been  shown'®  that  one  day’s 
allowance  of  a  relatively  rich  diet,  including  egg,  meat, 
vegetables,  contained  from  4  mg.  to  8  mg.  of  mixed  tocopherols. 
'Fhere  are  no  figures  for  the  vitamin-E  content  of  a  poor 
quality  diet.  In  appraisement  of  diets  and  their  relationship 
to  tissue  saturation  it  is  important  to  appreciate  that  vitamin  E 
occurs  chiefly  in  vegetable  oils  and  green-leaf  vegetables, 
whilst  the  animal  tissues  contain  only  small  quantities.  Here, 
again,  is  a  justification  for  the  inclusion  of  green  vegetables 
regularly  in  the  diet  of  the  pregnant  woman. 


VITAMIN  K 

Vitamin  K  is  undoubtedly  necessary  for  the  newborn 
infant,^!  but  it  is  not  clear,  as  yet,  if  it  is  necessary  or  even 
supplied  in  any  significant  quantity  to  the  developing  fcetus. 
Although  it  does  not  form  part  of  the  prothrombin  molecule, 
vitamin  K  is  in  some  way  essential  for  the  formation,  in  the 
liver,  of  prothrombin,  one  of  the  substances  concerned  with 
the  clotting  of  blood. when  tissues  are  injured,  thrombo¬ 
plastin  is  liberated  into  the  surrounding  space,  there  to  inter¬ 
act  with  the  calcium  ions  and  prothrombin  normally  present 
in  the  liberated  tissue  fluid  to  produce  thrombin.  The 
thrombin  converts  the  soluble  plasma-protein  fibrinogen  into 
insoluble  fibrin,  which  is  the  basis  of  the  blood-clot.  All 
those  exposed  to  the  risk  of  injury  need  an  adequate  suppl^v  ot 
prothrombin  in  the  plasma  as  an  insurance  against  the  eflects 
of  an  injury  upon  blood-clotting  and  the  subsequent  healing 
of  the  wound.  During  its  intra-uterme  life  the  foetus  is 
protected  against  injury  and  thus  may  not  need  prothrombin 
but  the  moment  parturition  commences  and  from  there  afte  , 

a  need  for  prothrombin  exists.  _  , 

That  vitamin  K  can  pass  across  the  placenta,  certainly  in 
the  last  stages  of  pregnancy  and  during  labour  has  been 

demonstrated  during  the  last  few  years  hy  ^  ""'j; 

controlled  experiments."-"  If  a  vitamin-K  preparation 
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given  to  a  pregnant  woman  a  few  hours  prior  to  parturition, 
a  full-term  newborn  infant  will  have  a  satisfactory  prothrombin 
level  at  birth. 

The  effectiveness  of  the  administration  of  synthetic  vita¬ 
min  K  to  the  mother  prior  to  parturition  upon  the  prothrombin 
level  of  the  infant  at  birth  is  shown  in  Table  VII,  from  the 
work  of  Heilman  and  Shettles.®^  Similar  results  have  been 
obtained  by  other  workers. 


Table  F//.— Results  of  Synthetic  Vitamin  K  Administration 
{Heilman  and  Shettles^*) 


Prothrombin  Dilution  Units 

No.  OF 
Cases 

Mother  prior 
to 

Treatment 

Mother  at 
Delivery 

Infant  at 
Delivery 

Average  for  control 

group 

.Average  for  treated 

31 

131* 

28-6 

group 

10 

178* 

233 

78-7 

*  These  figures  do  not  appear  to  agree,  nor  are  they  in  agreement  with  those  • 
obtained  by  Thordarson**  quoted  on  p.  56.  The  explanation  in  both  cases  is 
to  be  found  in  the  wide  range  of  figures  obtained  from  a  group  of  subjects. 

The  31  cases  quoted  by  Heilman  and  Shettles  had  a  range  of  61  to  295.  The 
smallness  of  the  numbers  in  each  series  explains  the  differences.  The  significant 
and  interesting  figures  are  those  for  the  prothrombin  level  in  the  infants. 

Although  vitamin  K  does  cross  the  placenta,  Dam  and 
Plum®^  believe  it  does  so  with  difficulty.  From  the  results 
of  a  number  of  investigations  in  which  both  maternal  and 
foetal  plasma-prothrombin  levels  have  been  studied,’^- 
it  is  apparent  that  thrombin  cannot  cross  the  placenta.  High 
maternal  levels  have  been  recorded  parallel  with  low  foetal 
figures. 

Vitamin  K  is  found  in  very  small  amounts  in  the  maternal 
blood  and  it  is  suggested  that  this  occurs  only  during  transport 
from  the  intestine  to  the  liver.  Tw'o  possible  sources  exist 
for  the  vitamin,  that  obtained  from  the  food  eaten  and  that 
produced  by  bacterial  synthesis  in  the  intestine.  The  studies 
of  Glavind  and  others^i  have  demonstrated  that  normal  adults 
and  pregnant  women  on  diets  relatively  deficient  in  vitamin  K 
excrete  in  the  faeces  relatively  large  amounts  of  the  vitamin. 
Whether  vitamin  from  this  source  contributes  a  significant 
quota  to  the  daily  requirement  has  not  been  demonstrated. 
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On  the  other  hand,  it  has  been  shown'^^’  that  the  quality 
of  the  maternal  diet,  particularly  the  quantity  of  green 
vegetables,  influences  the  prothrombin  level  of  both  mother 
and  infant.  Full-term  infants  born  in  the  summer  have 
been  found  to  have  higher  prothrombin  levels  than  those 
in  the  winter. It  has  been  suggested®^  that  the  more 
liberal  supply  of  vegetables  at  this  time  of  the  year  is 
the  factor.  Full-term  infants  born  of  women  whose  diets 
have  been  excellent  throughout  pregnancy  have  a  higher 
prothrombin  level  than  full-term  infants  born  of  women 
whose  diets  have  been  deficient. Whatever  the  source 
of  vitamin  K  the  findings  of  a  number  of  workers®®-^^ 
have  demonstrated  that  the  prothrombin  level  of  maternal 
blood  rises  as  pregnancy  advances.  The  following  figures 
from  the  work  of  Thordarson®^  illustrate  the  extent  of  the 
rise  : — 


Month  of 

Number  of 

Average  Prothrombin 

Pregnancy 

Subjects 

Units 

1-2 

7 

105 

2-3 

8 

III 

3-4 

7 

123 

4-5 

5 

136 

5-6 

4 

149 

6-7 

7 

146 

7-8 

5 

152 

8-9 

27 

169 

It  will  be  noted  that  up  to  the  present  the  discussion  has 
been  limited  to  the  conditions  existing  in  full-term  infants. 
Most  studies  that  have  included  premature  infants  have 
reported  that  the  prothrombin  level  of  premature  infants  is 
appreciably  lower  than  that  found  in  full-term  infants  and 
furthermore  the  rise  to  normal  occurs  later.  ■  ’  ere 

is  also  some  evidence  to  show  that  the  administration  of 
vitamin  K  before  parturitionO"  or  to  the  premature  infant 
after  birth”  does  not  produce  the  same  response  as  when 
the  infant  is  mature.  This  has  led  Magnusson-  to  suggest 
that  the  clotting  mechanism  is  imperfect  in  the  newborn 
premature  infant.  As  a  result  of  these  observations  some 
Lthorities  affirm  that  all  premature  infants  be  given 

a  vitamin-K  preparation  as  soon  as  possible  after  birth. 

This  is  now  a  routine  procedure  in  many  large  obstetrical 

hospitals. 
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The  stage  of  pregnancy  at  which  supplies  of  vitamin  K 
for  the  newborn  infant  can  be,  or  are,  transferred  from  the 
mother  is  not  clear.  xMcCready  and  his  co-workers’^  found 
that  if  a  vitamin-K  preparation  was  given  to  the  mother 
earlier  than  15  hours  before  delivery  the  prothrombin  level 
of  the  infant’s  blood  was  not  raised.  This  finding  suggests 
that  the  vitamin  was  not  transferred,  for  if  it  had  been  one 
would  expect  some  effects  to  persist  even  if  that  transferred 
earlier  had  been  exhausted  in  the  manufacture  of  pro¬ 
thrombin.  This  relates  back  to  the  opening  paragraph, 
when  the  doubt  was  raised  as  to  whether  the  foetus  needs 
vitamin  K. 

The  requirements  of  the  newborn  infant  for  vitamin  K 
are  of  the  order  of  i  microgram  per  day,®®  so  it  is  reasonable 
to  assume  that  if  the  foetus  needs  the  vitamin  its  requirements 
would  be  of  this  order.  One  ounce  of  green  cabbage  leaves 
would  contain  about  64  micrograms  of  vitamin  K. 

Our  knowledge  of  vitamin-K  metabolism  of  the  foetus  is 
far  from  complete  ;  such  information  as  is  available  allows 
the  following  tentative  conclusions  to  be  drawn  : — 

1.  The  foetal  requirements,  if  they  exist,  are  small. 

2.  Placental  transmission  of  vitamin  K  takes  place  with 
difficulty. 

3.  Prothrombin  is  not  transferred  from  mother  to  foetus. 

4.  Prothrombin  levels  are  higher  in  infants  born  of  women 
whose  diets  are  adequate  and  well  balanced. 

5.  The  average  prothrombin  figures  for  infants  born  in 
summer  is  higher  than  infants  born  in  winter,  the  last  two 
points  suggesting  a  more  liberal  transfer  of  vitamin  K  in 
the  last  stages  of  pregnancy  or  during  labour  in  those  infants 
with  the  higher  values. 

6.  To  ensure-  a  high  prothrombin  level  in  the  newborn 
infant,  the  mother  should  obtain  either  in  her  diet  or 
medicinally  a  liberal  amount  of  vitamin  K  within  12  hours 
of  parturition. 

7.  I  remature  infants  usually  have  a  lower  prothrombin 
level  than  mature  infants,  and  some  authorities  have  recom¬ 
mended  that  vitamin-K  preparation  should  be  given  to 
premature  infants. 
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Chapter  V 

F(ETAL  NUTRITION— SUMMARY  AND 
CLINICAL  APPLICATION 


The  transfer  of  the  nutrients  across  the  placenta  is  not  uni¬ 
form  for  all  substances,  but  it  seems  that  the  passage  occurs 
in  one  of,  at  least,  two  ways  : — 

I.  In  one  method  the  placenta  acts  as  a  barrier  restricting 
the  transfer,  so  that  the  levels  in  the  maternal  plasma  of  the 
nutrients  transferred  by  this  method  are  generally  higher 
than  in  the  foetal  plasma.  The  nutrients  in  this  group  include 
those  the  levels  of  which  in  the  maternal  blood  tend  to  re¬ 
main  constant.  It  is  of  interest  to  note  that  the  nutrients  for 
which  the  placenta  acts  as  a  barrier  include  those  responsible 
for  a  considerable  portion  of  the  body-weight  of  the  foetus, 
i.e.,  glucose  and  fat,  and  also  the  fat-soluble  vitamins  A  and  E 
(see  Table  VIII).  The  barrier  prevents  the  passage  of 
excessive  quantities  of  these  nutrients  ;  the  absence  of  such 
a  protective  device  could  lead  to  disastrous  disproportions 
in  the  foetus. 

The  barrier  does  not  operate  at  any  given  threshold  for 
each  nutrient,  for  we  have  seen  that  the  level  of  a  specific 
nutrient  in  the  foetal  blood  rises  and  falls  with  the  level  in  the 


maternal  blood — for  example,  glucose. 

2.  In  the  other  type,  the  placenta  seems  to  have  a  three¬ 
fold  function  :  first,  it  traps  the  nutrient  (the  concentration 
m  the  placenta  is  usually  higher  than  in  the  maternal  blood)  ; 
stores  it ;  and  then  by  means  of  some  secretory  mechanism 
transfers  it  to  the  foetal  blood-stream.  For  the  nutrients 
transmitted  by  this  method  the  level  in  the  foetal  blood  is 
higher  than  the  level  in  the  maternal  blood.  With  this 
method  also  a  definite  gradient  exists  between  maternal  and 
fatal  levels,  so  that  the  level  in  the  maternal  blood  determines 
the  amount  actually  transferred.  The  nutrients  transmitted  bv 
this  method  include  most  of  the  minerals,  the  water-soluble 
M  amins,  and  probably  the  amino-acids  (see  Table  VIII). 
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Table  VIII. — Transmission  of  Nutrients  to  the  Fcetus 


Nutrient 

Form  in  the 
Maternal  Serum 
Transmitted 

Level  in 
Maternal 
Serum 

Relative  Levels 

IN  Maternal- 
Fcetal  Serum 

Carbohydrate 

Glucose 

Constant 

M  >  F 

Protein 

Amino-acids  ; 
polypeptides 

Constant 

F  >  M 

Lipids 

1 

Phospholipids 

(mostly) 

1 

Constant* 

M  >  F 

Calcium 

Diffusable  cal¬ 
cium 

Variable 

M  >  F 

Phosphorus 

Inorganic 

phosphorus 

Variable 

M  >  F 

Iron 

Serum-iron 

Variable 

F  >  M 

Copper 

Serum-copper 

?* 

M  >  F 

Iodine 

Protein  free 

Variable 

? 

Sodium 

Free 

Constant 

F  >  M 

Potassium 

Free 

Constant 

F  >  M 

Vitamin  A 

?  Vitamin  A 
?  Carotene 

Constant 

Variable 

M  >  F 

M  >  F 

Thiamine 

Free  form 

Variable 

F  >  M 

Riboflavin 

? 

? 

? 

Niacin 

Free  form 

Variable 

1  F  >  M 

Ascorbic  acid 

1  Free  form 

Variable 

F  >  M 

Vitamin  D 

? 

? 

? 

Vitamin  E 

Mixed 

tocopherols 

Variable* 

M  >  F 

Vitamin  K 

? 

1 

< 

? 

? 

*  Level  in  maternal  plasma  rises  as  pregnancy  advances 
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The  levels  in  the  maternal  blood  of  some  of  these  nutrients, 
e.g.,  the  water-soluble  vitamins,  iron,  iodine,  fluctuate  v^ithin 
wide  limits.  The  form  in  which  each  is  transmitted  across 
the  placenta  is  identical  with  that  by  which  the  nutrient  is 
transported  from  intestinal  tract  to  body  tissues  and  depots. 
For  this  reason,  alone,  the  levels  in  the  maternal  blood  are 

subjected  to  wide  fluctuations. 

It  is  not  possible  to  state  whether  the  placenta  acts  as  an 
absolute  barrier  against  the  return  of  nutrients  from  the 
fcetal  to  the  maternal  side.  From  experimental  work  with 
animals  it  is  apparent  that  up  to  five  hundred  times  as  much 
water^  and  twenty-seven  times  as  much  sodium  crosses 
the  placenta  as  is  finally  incorporated  in  the  foetus.^  This 
suggests  a  free  passage  to  and  fro  of  water  and  some 
electrolytes. 

The  constant  withdrawal  of  nutrients  from  the  foetal  blood 
is  a  prerequisite  to  the  satisfactory  transfer  from  the  maternal 
side  of  the  placenta.  This  withdrawal  is,  in  turn,  controlled 
by  the  utilization  of  the  nutrients  in  the  growth  of  tissue. 
Although  water,  fat,  and  protein  constitute  the  major  part 
of  most  foetal  tissues,  an  adequate  supply  of  other  metabolites 
is  essential  for  the  incorporation  of  these  major  constituents 
into  new  tissue.  For  example,  an  adequate  supply  of  members 
of  the  vitamin-B  complex  is  essential  for  the  satisfactory 
metabolism  of  glucose — that  is,  for  the  actual  energy  metab¬ 
olism  of  all  cells.  If  supplies  of  the  vitamins  are  inadequate 
the  metabolism  of  the  cells  is  reduced.^  Similarly  ascorbic 
acid  is  needed  for  the  protein  metabolism  phase  of  cartilage 
development.^  Unless  there  is  an  adequate  supply  of  all 
nutrients,  full  utilization  cannot  be  made  of  those  that  are 
in  full  supply  in  the  foetal  blood. 

If  the  food  intake  of  the  mother  is  insufficient  to  meet  the 
full  demands  of  the  foetal  and  maternal  metabolism,  the 
maternal  tissues  will  commence  to  contribute  to  the  pool  of 
nutrients  in  the  blood  and  tissue  fluids  (cf.  Chapter  II). 
That  It  IS  not  possible  to  maintain  the  concentration  of  all 
nutrients  in  the  blood-tissue  fluids  at  a  satisfactory  level  even 
by  progressive  katabolism  of  maternal  tissue  has  been 
demonstrated  in  several  ways.  Numerous  examples  of  the 
tall  in  the  plasma  concentration  of  specific  nutrients  have 
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already  been  given  and  the  observation  by  Smith®  in  Holland 
provides  evidence  of  the  failure  of  the  maternal  body  as  a 
whole  to  meet  the  overall  nutritional  requirements  of  the 
foetus.  Smith  studied  the  birth  weights  of  infants  born  in 
Holland  in  ten  successive  periods  of  six  weeks  each  from 
Oct.  I,  1944,  to  Dec.  31,  1945.  Famine  conditions  prevailed 
until  the  provision  of  relief  in  May,  1945,  and  the  birth  weights 
fell  appreciably  until  some  time  after  that  date  and  then 
commenced  to  rise  to  the  normal  levels.  The  fall  in  birth 
weight  during  the  famine  period  was  statistically  significant, 
but  was  not  universal.  A  similar  type  of  observation  was 
made  in  Leningrad  during  the  1941-3  siege.  The  average 
birth  weights  during  this  time  was  600  g.  less  than  the  period 
before  the  siege.® 

The  claim  that  the  foetus  is  a  parasite  on  the  mother  is 
true,  but  the  mother  alone  is  unable  to  provide  its  full  require¬ 
ments  and  when  the  maternal  diet  is  inadequate,  the  infant, 
although  receiving  a  high  percentage  of  its  needs,  does  not 
obtain  one  hundred  per  cent.  The  degree  of  the  deficiency 
is  determined  by  the  capacity  of  the  maternal  tissue  to  yield 
nutrients  to  the  tissue  pool.  This  is  largely  controlled  by 
the  level  of  maternal  nutrition  prior  to  pregnancy.  When 
this  is  low,  as,  for  example,  in  the  chronically  malnourished 
Chinese,  the  infant  may  be  born  with  rickets,  because  the 
contribution  of  calcium  and  phosphorus  from  the  maternal 
bones  is  so  low. 

When  either  planning  a  diet  for  the  pregnant  woman  or 
assessing  the  relationship  of  the  diet  during  pregnancy  to 
foetal  nutrition,  the  health  and  nutritional  status  of  the  mother, 
even  before  conception,  should  be  taken  into  account.  Also, 
when  planning  a  diet  for  the  pregnant  woman,  cognizance 
must  be  taken  of  the  fact  that  with  a  reasonably  adequate 
intake  of  protein  and  minerals  the  maternal  tissues  during 
pregnancy  are  capable  of  acquiring  as  a  reserve,  presumably 
for  lactation,  considerably  more  proteins  and  minerals  than 
are  needed  to  fulfil  the  demands  of  pregnancy. 

The  United  States  National  Research  CounciF  has  drawn 
up  a  list  of  the  recommended  daily  allowances  of  dietary 
essentials  for  pregnant  women.  These  are  reproduced  in 

Table  IX. 
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Table  /X— Recommended  Daily 

Dictary  Essentials  for  Pregnant  Women 

(Latter  Half  of  Pregnancy) 


Calories 
Protein 
Calcium 
Iron  . . 
Vitamin  A 
Thiamine 
Riboflavin 
Niacin 
Vitamin  D 


2,500 
■  8s  g. 
1-5  g- 

15  i"g- 

5,000  i.u. 

1- 8  mg. 

2- 5  mg. 
18  mg. 

400-800  i.u. 


These  recommended  daily  allowances  will  be  obtained  from 
a  diet  based  on  the  following  outline 


7.0  a.m. 
8.0  a.m. 
ii.o  a.m. 
12.30  p.m. 
6.0  p.m. 
Supper 


Orange  Juice  (from  i  Orange)  .  a-  t  j  •  ^a\ 

Oatmeal,  Egg,  and  Bacon.  Milk,  J  cup  (as  Coffee  if  desired) 

Milk,  I  glass 

Mixed  Sandwiches,  Milk,  Cocoa  (i  cup  Milk) 

I  serve  Meat,  3  Vegetables.  Stewed  Fruit  and  Milk  Pudding 
Hot  Milk  (i  glass) 


In  SO  far  as  the  level  of  foetal  nutrition  relates  to  post-natal 
feeding,  certain  facts  have  emerged  in  the  preceding  chapters. 
Because  the  level  of  supply  of  some  nutrients  on  the  maternal 
side  of  the  placenta  is  subject  to  wide  fluctuations,  determined 
by  the  standard  of  food  intake  of  the  mother,  there  will  be 
variations  in  the  level  of  storage  of  these  metabolites  in  the 
full-term  infant.  Table  X  shows  the  ranges  that  have  been 
observed  for  three  nutrients  in  full-term  infants. 


Table  X. — Variations  in  the  Level  of  Storage  of  Some  Metabolites 

IN  THE  Full-term  Infant 


Minimum 

Maximum 

Mean 

Reference 

Calcium  content  of 
full-term  newborn 
infant 

13-1  g- 

27-9  g. 

23-7  g- 

8 

5-0  g./Kg. 

10-3  g./Kg. 

8-1  g./Kg. 

Vitamin  A  content 
of  liver  of  full-term 
newborn  infant 

25,280  i.u. 

60,755  i.u. 

39,994  i.u. 

9 

Nicotinic  acid  con¬ 
tent  of  liver  of 
newborn  infant 

780  [rg. 
per  cent 

3,560  (Xg. 
per  cent 

10 
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In  conclusion  it  can  be  stated  that  all  full-term  infants  are 
“  not  born  equal  ”  in  so  far  as  the  storage  of  nutrients  is 
concerned.  Some  are  better  equipped  from  the  start  for  the 
vicissitudes  of  post-natal  life.  This  must  be  taken  into 
account  when  estimating  the  effects  of  any  method  of  post¬ 
natal  feeding. 

The  premature  infant  is  always  at  a  disadvantage  even 
when  the  maternal  supplies  are  adequate.  For  many  nutrients, 
especially  protein,  fat,  iron,  and  calcium,  the  amount  deposited 
in  the  last  month  is  an  appreciable  percentage  of  the  total. 
The  more  premature  the  infant  the  greater  the  deficiency  and 
the  more  important  that  this  should  be  corrected  in  post¬ 
natal  feeding. 
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Chapter  VI 

THE  CHEMICAL  AND  PHYSICAL  PROPERTIES 
OF  HUMAN  AND  COW’S  MILK 


1'he  staple  food  of  infants  consists  of  either  human  milk  or 
some  modification  of  cow’s  milk.  This  chapter  will  be  devoted 
to  a  study  of  the  chemical  and  physical  properties  of  these  two 
foodstuffs,  and  emphasis  will  be  placed  upon  the  differences 
that  are  known  to  exist  and  of  their  clinical  significance. 


THE  SECRETION  OF  HUMAN  MILK 

During  the  latter  half  of  pregnancy  and  throughout  lactation 
the  human  breast  is  composed  of  two  kinds  of  structures, 
the  glandular  tissue  and  the  supporting  connective  tissue  and 
fat.  The  glandular  tissue  in  each  breast  is  made  up  of  some 
twenty-five  units  each  consisting  of  a  secreting  portion  or 
alveolus  and  the  duct  which  leads  the  secretion  aw'ay.  The 
alveolus  develops  during  pregnancy  as  an  outgrowth  of  the 
inner  end  of  the  duct.  Each  secreting  unit  is  roughly  spherical 
in  shape  and  is  composed  of  a  single  layer  of  cells.  The 
interior  of  the  sphere  is  a  potential  space  into  which  the  milk 
IS  secreted  by  the  cells  lining  the  space. 

When  lactation  is  fully  established  each  cell  goes  through 
a  cycle.  Immediately  following  the  completion  of  a  secretion 
cycle  a  cell  is  cubical  in  shape  and  squat,  with  the  nucleus 
towards  the  centre.  The  first  change  is  the  appearance  of 
g  nules  m  that  part  of  the  cell  nearest  to  the  alveolar  space  • 
some  of  these  granules  take  up  fat-soluble  stains.  As  the 
granu  es  and  fat  globules  collect,  the  cells  increase  in  height 
and  at  the  same  time  the  nucleus  is  pushed  towards  the  ba!e- 
nient  membrane.  The  distended  end  of  the  cell  protrudes 
a  cone  or  pyramid  into  the  lumen  of  the  alveolus  When 
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the  cell  appears  to  be  full  to  capacity  the  materials  in  the  top 
half  are  expelled  into  the  lumen  and  the  wall  re-forms.  This 
process  may  be  repeated  several  times  until  the  interior  of 
the  alveolus  is  full. 


Pig^  1. — The  structure  of  the  mammary  glands. 


DUCT 
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CELLS  or 
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RESTING 
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INTO  lumen 


RESTING 

STAGE 


Fig.  2. 


-Stages  in  the  discharge  of  the  products  of  the  cells  of  the 
mammary  glands. 


There  is  now  considerable  evidence  to  support  the 
suggestion!. 2  that  secretion  of  material  by  the  alveoli  ^lls 
commences  before  the  termination  of  pregnancy.  The 
product  accumulates  in  the  alveoli  and  there  undergoes  modifi¬ 
cation.  Eventually  the  substance  remaining  m  the  duct  an 
lumen  are  found  in  the  first  secretions  (colostrum)  from  the 

breast  in  the  puerperium. 
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Colostrum  is  a  yellowish  fluid  containing  numerous  globules 
and  peculiar  rather  large  colostrum  bodies  or  corpuscles, 
which  range  in  size  from  0-02  to  0-005  Each  corpuscle 

is  filled  with  small  and  large  fat  droplets.  If  fresh  colostrum 
is  examined  under  the  microscope,  some  of  the  colostrum 
corpuscles  can  be  seen  to  have  amoeboid  movements.  It  is 
now  generally  recognized  that  these  bodies  were  originally 
wandering  lymphocytes  which,  having  escaped  during  the 
latter  stages  of  pregnancy  from  the  connective  tissue  surround¬ 
ing  the  alveoli,  have  passed  through  between  the  secreting 
cells  to  enter  the  lumen  of  the  alveoli  ;  there  they  have 
ingested  some  of  the  droplets  that  had  been  secreted  in  the 
prelactation  stage.  It  is  probable  that  the  colostrum  corpuscles 
in  the  material  that  leaves  the  breast  are  but  a  few  of  those 
actually  occurring  in  the  breast ;  many  are  disrupted  and  others 
pass  back  into  the  connective  tissue,  to  be  carried  away  in 
the  lymph.  The  rather  lengthy  stay  of  the  colostrum  in  the 
alveoli  is  conducive  to  the  establishment  of  equilibrium 
between  it  and  the  blood. ^ 

From  the  foregoing,  it  is  apparent  that  the  post-partum 
flow  of  milk  is  the  result  of  a  twofold  process  ;  the  secretion 
of  material  by  the  alveoli  is  greatly  increased,  and  the  material 
already  secreted  is  expelled  from  the  alveoli.  In  the  cow  the 
latter  process  is  referred  to  as  the  “  let  down  of  milk  ”, 

while  in  women  it  is  seen  as  the  free  escape  of  milk  without 
suckling. 

Providing  that  full  development  of  the  breasts  has  occurred 
during  pregnancy,  the  greatly  increased  secretion  of  milk 
vvhich  occurs  at  the  termination  of  pregnancv  is  brought 
about  by  the  lactogenic  hormone  secreted  by  the  anterior 
part  or  the  pituitary  gland. ^ 

This  hormone,  which  is  known  by  several  names-pro- 
lactin,  galactm,  mammotropm— not  only  initiates  the  greatly 
increased  flow  but  also  maintains  lactation.  (For  flrther 

details  of  the  production  of  prolactin,  the  interested  reader 
is  referred  to  works  on  endocrinology.) 

The  action  of  the  infant  sucking' undoubtedly  exerts  an 
important  effect  upon  the  flow  of  milk.  This  is  freouentlv 

'r;-  r“  E"- 

other.  It  has  been  suggested  for  cows  that  this 


72 


INFANT  NUTRITION 


phenomenon  is  the  result  of  nervous  stimulation  from  the 
breast  upon  the  pituitary  gland,  in  this  instance  upon  the 
posterior  portion,  which  results  in  the  liberation  of  a  hormone, 
oxytocin,  which  causes  stimulation  of  the  muscles  cells  around 
the  alveoli.  There  is  evidence  to  suggest  that  this  explanation 
also  applies  to  women^  and  that  it  is  not  improbable  that 
the  lactation  failures  of  some  women,  particularly  the  neurotic 
type,  is  due  to  failure  of  this  stimulus.  Failure  to  put  the 
infant  to  the  breast  would  of  course  greatly  lessen  the  flow 
of  milk  from  the  alveoli.  Accumulation  of  milk  in  the  alveoli 
stops  further  secretion. 

The  discovery  that  a  part  of  the  secretion  of  the  anterior 
pituitary  stimulated  the  secretion  of  milk  suggested  possi¬ 
bilities  in  infant  feeding.  For  centuries  the  search  for  such 
a  substance  has  gone  on.  A  number  of  experiments  have 
been  conducted  in  each  of  which  a  number  of  women  were 
given  intramuscular  injections  of  prolactin  during  the 

purperium.^"®  i  rrr  u 

The  injections  were  usually  commenced  on  the  htth  day 

of  the  puerperium  and  were  given  to  women  whose  secretion 

of  milk  was  inadequate  to  feed  the  baby.  The  results  have 

been  conflicting,  good  results  reported  by  some  workers  > 

almost  complete  failure  by  others.*-’  Undoubtedly  more 

work  is  required  in  this  field.  Prolactin  preparations  have 

not  been  used  commercially.  ,  j 

The  proprietary  preparations  which  have  been  advertised 

in  recent  years  as  stimulants  of  milk  secretion  do  not  contain 
prolactin  Ld  there  is  little  or  no  scientific  basis  for  their  use. 
Ly  beneficial  effects  obtained  are  probably  due  to  the  psychic 

The  chemical  composition  of  the  colostrum  from  individual 

samples  will  vary  widely,  depending  upon  the  stage  of  secre- 
samples  win  v  y  ^  description  it  is  apparent  that 

r  flufd  sTcr  md  Xr  tht  birth  ^of  the  infant  will  consjst 

of  a  mixture  of  the  material  present  in  the  lumen  of  he 

and^and  ducts  at  birth  and  the  fresh  secretion  of  e 

^1  ric  TTnfler  the  influence  of  the  various  stimuli,  tne 

^  •  f  m  the  glands  progressively  increases  in  amount 

secretion  from  the  ^  ^ 

and  will  progressively  dilute  tne  ma 
birth. 
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An  analysis^®  of  one  set  of  pooled  samples  of  colostrum 
provided  the  following  values  : — 

Protein  ..  215  per  cent 

Fats  . .  276  per  cent 

Lactose  .  .  4‘45  Per  cent 

Ash  .  .  0-35  per  cent 

Compared  with  mature  milk  the  protein  content  is  higher, 
the  fat  and  lactose  lower,  and  the  ash  higher.  The  last  is 
due  to  an  increase  in  the  amounts  of  sodium,  potassium, 
and  chloride  present. 1® 

WinikoflF*^  studied  the  calcium,  magnesium,  and  phosphorus 
content  of  the  colostrum  and  mature  milk  of  Australian 
women.  The  comparisons  are  shown  in  Table  XI. 


Table  XI. — Calcium,  Magnesium  and  Phosphorus  Content 
OF  Colostrum  and  Milk.  {After  Winikojf.) 


Period  of  Lactation 

Calcium 

Magnesium 

Phosphorus 

1st  day 

mg.  per  loo  c.c. 

mg.  per  loo  c.c. 

mg.  per  loo  c.c. 

15-9 

— 

10-3 

2nd  day 

17-9 

27 

12-3 

3rd  day 

237 

3-2 

13-4 

9th  day 

Mean  1-12 

277 

3-4 

16-4 

months 

29-3 

3-7 

13-4 

The  secretion  of  colostrum  lasts  for  2,  3,  or  4  days  and 
is  gradually  replaced  by  mature  milk.  It  follows  that  for  a 
varying  time  there  will  be  a  mixture  of  colostrum  and  mature 
milk.  This  is  usually  called  transitional  milk.  By  the  twentv~ 
first  day  the  secretion  is  generally  wholly  mature  milk. 

COLOSTRUM 

Colostrum  is  a  yellow  fluid  which  contains  granules, 
colostrum  corpuscles,  as  well  as  protein,  fat,  lactose,  minerals’, 
and  vitamins.  The  amount  secreted  will  vary  considerably^ 
ranging  from  nothing  to  over  100  c.c.  daily.  ^  In  a  series  of 
380  cases,  Stewart  and  Pratt^  observed  that  61  per  cent  of 
the  mothers  fully  breast  fed  their  infants  from  birth  to  at  least 
the  end  of  the  tenth  day.  These  workers  collected  accurate 
information  on  the  colostrum  and  milk  consumption  of  6± 

'tJ-  during  the  first  ten  days  of  life. 

Iheir  findings  have  been  reproduced  in  Fig.  3. 
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The  vitamin  content  of  colostrum  varies  considerably  from 
sample  to  sample.  In  general,  values  are  appreciablv  lower 
than  those  found  in  mature  milk.  In  no  instance  does  human 
colostrum  provide  a  substantial  supply  of  vitamins  as  it  does 
in  the  cow.^'^  The  values  for  the  individual  vitamins  will 
be  discussed  when  mature  milk  is  considered. 


Colostrum  has  been  found  to  contain  a  number  of  digestive 
enzymes-peptidase,“  amylase, »  an  invertase,  as  well  as 

The  Tresence  of  some  of  these  enzymes  is  difficult  to 
explain  on  the  basis  of  their  need  to  aid  the  infant  in  the  diges¬ 
tion  of  food  constituents.  For  example,  as  colostrum  doe 
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not  contain  any  starch  or  glycogen,  there  is  no  need  for 
amylase.  Its  presence  in  colostrum  must  be  due  to  the 
development  of  a  degree  of  equilibrium  between  colostrum 
and  blood,  whilst  the  former  is  being  stored  in  the  alveoli 
prior  to  the  commencement  of  the  flow  of  milk.  It  has  been 
recorded^^’  that  the  concentration  of  most  of  the  ferments 
is  highest  in  the  colostrum  obtained  on  the  first  day  and 
decreases  rapidly  to  the  fourth  and  then  more  slowly.  It  is 
doubtful  if  these  enzymes  play  an  important  role  in  food 
digestion. 

'I'he  possibility  that  colostrum  may  help  to  bestow  some 
degree  of  immunity  on  infants  has  been  considered  likely 
for  many  years.  Boyd^^  and  Lewis  and  Wells^®  have  shown 
that  before  ingestion  of  any  food  the  blood  of  newborn 
infants  contains  relatively  small  amounts  of  globulin  and 
negligible  amounts  of  euglobulin.  Protective  antibodies  of 
the  blood  are  found  associated  with  the  euglobulin  fraction.^' 
Infants  receiving  colostrum  within  a  few  hours  of  birth 
showed  a  marked  early  rise  in  the  euglobulin  compared  with 
infants  who  did  not  receive  colostrum. 

It  is  doubtful  if  colostrum  has  any  special  intrinsic  value 
as  an  infant  food.  The  removal  of  the  secretion  of  the  breast 
and  the  suckling  action  of  the  infant  are  of  extreme  importance 
in  the  establishment  of  full  lactation.  The  high  protein 
content  is  interesting,  illustrating  the  apparent  ability  of  the 
neonatal  infant  to  digest  mixtures  with  a  high  percentage 
of  protein. 

THE  CONSTITUTION  AND  CHEMICAL  AND 
BIOLOGICAL  PROPERTIES  OF  MILK 

Human  milk  is  an  emulsion  of  fat  and  water  containing 
sugar,  proteins,  salts,  vitamins,  and  enzymes  either  in  solution 
or  in  suspension.  Some  of  the  constituents  of  milk  are 
elaborated  in  the  cells  of  the  alveoli  from  materials  brought 
to  the  gland  by  the  blood,  others  pass  directly  from  the  blood 
into  the  milk,  generally  being  concentrated  in  the  process. 
It  is  significant  that  none  of  the  major  constituents  of  milk 
is  present  in  the  same  concentration  in  milk  as  it  is  in  blood 

The  concentration  of  some  of  the  minor  constituents  is  the 
same  m  the  two  fluids. 
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When  discussing  the  composition  of  human  milk,  it  is 
customary  to  give  a  list  of  constituents  and  opposite  each  a 
value,  thus  inferring  that  the  composition  of  human  milk 
is  constant.  Subsequently,  it  will  be  shown  that  this  is  far 
from  a  fact.  However,  for  the  purpose  of  easy  reference, 
it  is  proposed  to  give  a  list  of  the  main  constituents  and  a 
preferred  value  or  range  for  each  {Tables  XII-XIV).  The 
principal  components  will  then  be  considered  in  detail. 


Table  XII. — The  Proximate  Constituents  of 
Human  Milk  {Preferred  Values) 


Water 

Protein 

Fat 

Lactose 

Ash 


87-3  per  cent 
10  per  cent 

5  0  per  cent 

6  5  per  cent 
0-2  per  cent 


Table  XIII. — Mineral  Constituents  of  Human  Milk 


Preferred  Values  =  P. 

Isolated  Determinations  =  I. 


Calcium  (P.)  .  . 
Phosphorus  (P.) 
Magnesium  (P.) 
Potassium  (I.) 
Sodium  (I.)  .  . 
Chlorine  (P.) 
Sulphur  (I.)  .  . 
Iron  (P.) 
Copper  (P.)  .  . 
Iodine  (P.) 


28-0  mg.  per  too  c.c.^® 

14-0  mg.  per  too  c.c.^* 

5-0  mg.  per  too  c.c.^' 

52-0  mg.  per  100  c.c.^® 

.  .  5-4-7-3  mg.  per  too  c.c.®® 

36-0  mg.  per  too  c.c.®® 

lo-o  mg.  per  100  c.c.®® 

01  mg.  per  100  c.c.®^ 

o-o6  mg.  per  too  c.c.®^ 

10  microgrammes  per  too  c.c.®® 


Table  XIV. — Vitamins  in  Human  Milk 


{Range  of  Values) 


Total  vitamin  A  activity  .  . 
Thiamine  .  . 

Riboflavin  .  . 

Niacin 

Calcium  pantothenate 
Biotin 

Ascorbic  acid 
Vitamin  D 
Vitamin  K 

Vitamin  E  (Tocopherols) 


170-670  i.u.  per  too  c.c.®^ 

g-15  microgrammes  per  100  c.c." 
28-62  microgrammes  per  100  c.c.®® 
66-330  microgrammes  per  100  c.c.®' 
86-584  microgrammes  per  too  c.c.” 
0-04-4-2  microgrammes  per  100  c.c. 
3-6  milligrammes  per  too  c.c." 
2-18  i.u.  per  100  c.c.®® 

0-200  Dam  and  Glavind  units®® 

(AU  =  50'o)  ,3^ 

0-94  milligrammes  per  100  c.c. 


PROTEIN 

Protein  in  Human  Milk.-Studies  on  the  composition 
of  human  milk^i  have  shown  that  an  individual  woman  may 
secrete  a  milk  the  protein  content  of  which  fluctuates  vMthm 
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the  day.  In  general,  the  maximum  value  for  protein  is  either 
at  the  2  p.m.  or  6  p.m.  feeds,  with  the  .minimum  at  either 
the  10  a.m.  or  lo  p.m.  The  differences  between  the  minima 
and  maxima  range  from  3  to  19  per  cent,  with  the  average 
at  8  per  cent.  Thus  the  average  variation  between  the  limits 
would  be  of  the  following  order  : — 


Minimum  . .  0-92  per  cent 

Daily  average  .  .  i  ’O  per  cent 

Maximum  . .  i  'oS  per  cent 


The  protein  content  varies  also  from  day  to  day,  and  the 
degree  of  variation  is  similar  to  the  variation  within  the  day.^^ 

Macy  and  her  co-workers^^  observed  that  the  mean  level 
of  the  protein  content  is  characteristic  for  each  woman.  Thus 
of  two  women  they  investigated  regularly  throughout  a  lacta¬ 
tion  period,  one  secreted  a  milk  the  mean  protein  value  of 
which  was  0-98  per  cent,  whilst  that  of  the  second  was  1*35  per 
cent.  Slight  variations  have  been  recorded^^  in  the  milk 
drawn  from  the  two  breasts  at  the  same  time  ;  the  degree 
of  variation,  however,  is  too  small  to  be  of  any  practical 
significance.  The  protein  content  of  the  milk  from  the 
first  half  of  the  nursing  period  tends  to  be  slightly  lower  than 
that  from  the  second  half.^^  The  milk  from  most  women 
shows  a  slight  progressive  decline  in  protein  value  as  lactation 
progresses.2^>  32  range  of  protein  values  of  milk  from 

a  number  of  women  was  found  by  one  group  of  observers^^  to 
extend  from  0*98  g.  per  cent  to  i"96  g.  per  cent. 

Individual  Proteins  in  Human  iVlilk. — It  is  customary 
for  text-books  in  which  the  composition  of  human  milk  is 
discussed  to  state  that  it  contains  three  proteins,  mainly 
casein,  lactalbumin,  and  lactoglobulin.  The  concentrations 
of  two  of  these  proteins  are  usually  given  as  casein  0-5  g.  and 
lactalbumin  I'O  g.  per  cent.3®> 

\\ith  reference  to  the  amount  of  casein  and  lactalbumin 
present,  undoubtedly  a  number  of  mis-statements  occurrred 
sorne  years  ago  and  these  have  been  copied  from  book  to  book. 
\\  ilhamson,  who  computed  the  total  amino-acids  in  human 
milk  from  those  present  in  casein  and  lactalbumin,  used  the 
figures  0-5  per  cent  and  i-o  per  cent  for  the  percentages  of 
hese  proteins  m  average  human  milk.  He  gives  as  his 
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references  BelP^  and  Holt  and  his  co-workers.®^  As  far  as 
can  be  determined,  Bell  did  not  analyse  samples  of  milk  for 
casein  and  lactalbumin.  Holt  and  his  co-workers  did  ;  they 
determined  the  total  nitrogen  and  from  that  computed  the  total 
protein  by  multiplying  the  nitrogen  figure  by  the  factor  6*25. 
They  admit  an  error  due  to  the  inclusion  of  the  non-protein 
nitrogen.*  If  this  is  taken  into  account,  Holt’s  average 
figures  for  protein  are  reduced  from  1*5  mg.  to  1-13  mg. 

The  casein  figures  are  not  affected  by  this  error,  but  the 
lactalbumin  figures  are,  and  have  to  be  reduced  accordingly. 
The  adjusted  average  values  for  casein  and  lactalbumin 
obtained  by  Holt  and  his  co-workers  would  thus  be  0-43 
and  0-72  per  cent  respectively. 

More  recent  studies  have  been  made  by  Macy  and  her 
co-workers.®’^  The  values  they  obtained  for  these  two  proteins 
do  not  agree  with  the  oft-quoted  figures.  The  casein,  lactal¬ 
bumin,  and  total  protein  values  of  samples  of  milk  from  a 
number  of  women  obtained  by  Macy  and  her  co-workers®®  is 
set  out  in  Table  XV.  Macy  gave  the  results  as  milligrammes 
of  nitrogen.  The  total  nitrogen  figures  included  the  non¬ 
protein  nitrogen,  which  amounts  to  about  40  mg.  per  100  c.c.®' 
In  Table  XV  the  values  for  the  total  nitrogen  have  been 
adjusted  to  allow  for  the  non-protein  nitrogen. 

A  number  of  conclusions  can  be  drawn  from  these  data  : 

a.  The  total  protein  in  samples  analysed  was  lower  than 
that  usually  quoted.  This  agrees  with  the  figures  obtained 
for  a  number  of  analyses  made  on  samples  of  milk  obtained 
from  Australian  women  and  analysed  in  the  biochemical 
laboratories  of  the  Australian  Institute  of  Anatomy,  Canberra. 

b.  A  protein  value  of  human  milk  is  not  a  constant  figure, 
but  varies  through  a  fairly  wide  range,  extending  from  07 
to  17  mg.  per  cent. 

c.  Variations  occur  in  the  same  milk  from  the  same  woman, 
although  the  figures  do  confirm  the  earlier  observation  that 
the  milk  of  a  woman  has  a  protein  level  characteristic  of 


that  woman.  .  .  , 

d  The  mean  casein  and  lactalbumin  values  are  1 

vicinity  of  0-45  g.  and  0-44  g-  per  cent.  The  casein  figure 


•  The  non-prote,n  nitrogen  components  of  milk  constitute  about  ao  per 
cent  of  the  total  nitrogen.®’ 
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Table  .YF— Percentages  of  Various  Proteins  on  a  Series  of  ^Samples 
OF  Human  Milk.  {Data  modified  front  Macy  and  others  ) 


Subject 

Period 

OF 

Lacta¬ 

tion 

Total 

Nitrogen 

Total 
Nitrogen 
Corrected 
FOR  Non¬ 
protein 
Nitrogen 

Total 
Protein 
N  X  6  25 

Casein 

Casein 

N  X  6-25 

Albumin 

Albumin 
N  X  6-25 

Ratio 

Casei.n/ 

Albumin 

A 

Weeks 

2 

mg. 

314 

274 

1-7 

0-64 

0-80 

0-8 

7 

234 

194 

1-2 

0-69 

0-44 

1-6 

B 

2 

260 

220 

1-4 

0-42 

0-70 

0-6 

C 

2 

344 

304 

1-3 

0-56 

0-91 

0-6 

6 

204 

164 

i-o 

0-41 

0-72 

0-6 

D 

19 

218 

178 

I'l 

0-56 

0-39 

1-5 

24 

202 

162 

10 

0-54 

0-41 

1-3 

28 

187 

147 

0-8 

0-47 

0-35 

1-3 

E 

18 

192 

152 

0-9 

0-48 

0-41 

1-2 

F 

4 

157 

117 

0-7 

0-47 

0-51 

0-9 

7 

196 

156 

I-o 

0-37 

0-47 

0-8 

G 

7 

213 

173 

I  -I 

0-50 

0-40 

1-3 

1 1 

186 

146 

0-9 

0-41 

0-46 

0-9 

M’nths 

6 

Lact. 

14 

169 

129 

0-8 

0-35 

0-42 

0-8 

A 

Lact. 

6 

158 

1 18 

0-7 

0-42 

0-24 

1-8 

B 

8 

160 

120 

0-7 

0-41 

0-27 

1-5 

7 

2 

201 

161 

I-o 

0-35 

0-31 

1-74 

6 

164 

124 

0-8 

0-42 

0-25 

1-65 

8 

161 

121 

0-8 

0-41 

0-29 

1-4 

8 

6 

8 

14 

189 

149 

0-9 

0-45 

0-30 

1-52 

.■\rithmetic 

190 

186 

150 

146 

0-9 

0-9 

0-44 

0-48 

0-36 

0-36 

1-22 

1-3 

Mean 

• - 

I-o 

0-45 

0-44 

I-o 

agrees  closely  with  that  obtained  by  Holt  and  his  co-workers, 
but  the  lactalbumin  figure  is  only  62  per  cent  of  Holt’s  figure’ 
The  lactalbumin  figures  obtained  by  both  Macy’s  group  and 

Holt  are  appreciably  removed  from  that  usually  quoted _ 

namely  i-o  per  cent. 

e.  The  absolute  amounts  of  casein  and  lactalbumin  vary 
in  the  samples  from  different  women,  but,  as  with  total 
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protein,  the  amounts  in  the  milk  from  an  individual  seem 
to  be  relatively  constant. 

/.  The  values  for  lactalbumin  show  much  more  variation 
than  the  figures  for  casein.  This  occurs  both  in  the  samples 
from  one  subject  and  in  all  samples. 

g.  The  ratio  of  casein  to  lactalbumin  is  lower  than  the 
I  :  2  usually  quoted  ;  the  mean  ratio  is  i  :  The  facts  detailed 

above  have  an  important  clinical  significance,  and  especially 
the  casein/lactalbumin  ratio. 

It  is  important  to  realize  that  the  protein  content  of  human 
milk  can  varv  from  mother  to  mother.  However,  it  is  not 
possible  without  repeated  and  extensive  tests  to  determine  the 
percentage  of  protein  in  the  milk  of  an  individual  woman. 

The  recognition  that  the  amounts  of  casein  and  lactalbumin 
are  actually  lower  than  those  often  quoted  is  of  little  or  no 
practical  significance  in  so  far  as  breast  feeding  is  concerned. 
These  figures  do  not  alter  the  nutritive  value  of  breast  milk 
and  apparently  the  amounts  of  these  proteins  present  in  the 
milk  from  the  majority  of  women  are  sufficient  to  ensure 
optimal  growth  in  the  normal  full-term  infant. 

The  actual  values  may  have  some  significance  when  formulae 
for  artificial  feeding  are  drawn  up.  The  important  factor, 
however,  is  not  the  absolute  value  of  these  individual  proteins, 
but  the  amino-acid  content  of  human  milk  {see  p.  8i). 

A  third  protein,  lactoglobulin,  is  present  in  relatively  small 
amounts  in  mature  milk,  but  in  much  larger  amounts  in 
colostrum. It  is  certain  that  the  small  amount  in  mature 
milk  does  not  make  a  significant  contribution  toward  the 

nutritive  value  of  human  milk.^® 

Source  of  Protein  of  Human  Milk.— It  was  formerly  thought 
that  the  amino-acids  in  the  serum  provided  the  basic  materials 
for  the  proteins  of  milk,  but  recent  work  with  goats  and 
cows3  suggests  that  it  is  the  globulin  of  the  serum  that  provides 
most,  if  not  all,  of  the  nitrogen  for  the  synthesis  of  the  milk 
protein.  The  steps  by  which  the  serum-globulin  is  converted 
into  casein  and  lactalbumin  are  not  known. 

If  this  same  mechanism  holds  for  human  milk,  and  there 
are  no  evident  reasons  why  it  should  not,  the  supply  of  semm- 
globulin  must  be  maintained  at  a  satisfactory  level  the 
demands  of  the  mammary  tissue  are  to  be  met.  This  in 
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turn  implies  the  steady  production  of  globulin,  which,  frorn 
the  evidence  available,  appears  to  be  formed  in  the  cells  of 
the  reticulo-endothelial  system.-*®  Any  impairment  of  the 
normal  activity  of  these  cells  may  influence  globulin  pro¬ 
duction.  Since,  however,  the  synthesis  of  globulin  is  ultimately 
dependent  upon  the  level  of  amino-acids  in  the  diet,  this  is 
the  ultimate  factor  which  determines  the  production  of  the 
protein  of  milk.  It  has  already  been  shown-** that,  during 
pregnancy,  the  nitrogen  retention  is  from  200  to  400  g.  in 
excess  of  the  requirements  of  pregnancy,  and  it  has  been 
suggested  that  the  additional  nitrogen  is  a  provision  against 
the  demands  of  lactation. 

In  normal  lactation  the  protein  secreted  in  the  milk  varies 
from  8  to  12  g.  per  day,  and  this  represents  from  8  to  12  per 
cent  of  the  protein  intake  recommended  for  the  average 
pregnant  woman — namely  too  g.^^ 

'rhere  is  no  evidence  to  indicate  that  the  level  of  protein 
in  the  diet  influences  the  level  of  protein  in  the  milk,  in  fact 
such  experiments  as  have  been  made  suggest  that  it  is  not 
possible  by  dietary  means  to  alter  the  protein  value  of  the 
milk  from  an  individual  woman. 

The  Amino-acid  Value  of  Human  Milk. — Although  it  is 
customary  to  express  protein  value  of  milk  in  terms  of  protein, 
the  nutritive  value  in  so  far  as  the  protein  nitrogen  is  con¬ 
cerned  is  dependent  upon  the  amino-acid  content  of  the  milk. 
\\  illiamson-*®  has  determined  by  analysis  the  amino-acid 
content  of  human  casein  and  human  lactalbumin.  The 
amino-acid  content  of  a  sample  of  human  milk  from  an  indi¬ 
vidual  woman  will  depend  upon  the  absolute  amounts  of 
casein  and  lactalbumin  present.  It  has  already  been  shown 
that  these  vary,  and  for  this  reason  it  is  impossible  to  lay 
down  any  hard-and-fast  rule  for  the  amino-acid  content  of 
human  milk.  Moreover,  as  it  is  impossible  in  practice  to  have 
a  sample  of  human  milk  analysed  for  the  casein  and  lactalbumin 
content,  the  amino-acid  content  of  the  milk  from  an  individual 
cannot,  except  in  unusual  circumstances,  be  determined. 
However,  a  detailed  study  of  the  possible  variations  in  the 
ammo-acid  content  of  human  milk  is  important,  especially 

when  the  relative  merits  of  human  and  cow’s  milk  are 
discussed. 
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From  Table  XV  it  is  learned  that  the  average  casein  and 
lactalbumin  contents  are  0-45  per  cent  and  0-44  per  cent 
respectively.  The  figures  for  casein  are  more  constant  than 
those  for  lactalbumin.  Amino-acid  contents  will  be  presented 
in  Table  XVI  for  the  following  variations  : — 


Casein  .  .  0  45  per  cent 
Casein  .  .  0-45  per  cent 
Casein  .  .  0  45  per  cent 
Casein  .  .  0-5  per  cent 


Lactalbumin  .  .  0-44  per  cent 
Lactalbumin  .  .  0  3  per  cent 
Lactalbumin  .  .  o-6  per  cent 
Lactalbumin  .  .  i  -o  per  cent 


*  Figures  usually  quoted  for  the  percentages  for  casein  and 
lactalbumin  in  human  milk. 


In  Table  XVI,  10  amino-acids  have  been  labelled  as 
‘  essential  ’.  It  has  been  shown  by  Rose^’  that  these  amino- 
acids  are  essential  for  the  albino  rat  that  is,  the  rat  cannot 
synthesize  them.  Although  these  findings  do  not  necessarily 
apply  to  human  metabolism,  there  is  some  evidence  to  suggest 
that  they  may.^®  Reference  to  Table  XVI  shows  that  the 


Table  XVI. — Amino-acid  Content  in  Mg.  per  ioo  c.c.  Samples 
OF  Human  Milk  according  to  Various  Percentages 
OF  Casein  and  Lactalbumin  Present 


Human  Milk  with  the  following  percentages  of 
Casein  and  Lactalbumin 


.Amino-acids 

_ 

Casein  ^  Casein 

0-45  per  cent  j  0-45  per  cent 
Albumin  1  Albumin 

0'44  per  cent.  :  0’3  per  cent 

Casein 

0'45  per  cent 
Albumin 

0-6  per  cent 

Casein 

O'S  per  cent 
Albumin 
i-o  per  cent. 

- - 

■  1 

Tyrosine 

Alanine 

Glycine 

Proline 

Glutamic 

Aspartic 

Serine 

Cystine 

Arginine* 

Phenylalanine* 

Leucine* 

Isoleucine* 

Histidine* 

Lysine* 

Threonine* 

Methionine* 

Tryptophane* 

Vaiine* 


45 

20 

56 

150 

62 

43 

20 

37 
47 

128 

47 

17 

54 

38 

18 

17 

41 


38 

17 

51 

132 

49 

37 

14 

30 

41 

105 

41 

14 

45 

32 

15 
14 

35 


52 

24 

61 

170 

76 

50 

26 

45 

55 

155 

54 

18 

65 

44 

21 

21 

47 


73 

35 

80 
230 
1 16 
69 

41 

67 

77 

288 

75 

25 

94 

63 

29 

31 

66 


Essential 
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concentration  of  the  essential  amino-acids  varies  in  different 
samples  of  milk.  However,  if  the  last  column  is  excluded 
(and  the  indications  are  that  these  values  represent  the  upper 
limits  of  content),  then  the  range  is  not  great.  Nevertheless, 
it  is  important  to  appreciate  that  the  amino-acid  content  of 
human  milk  does  vary,  not  only  as  between  samples  from 
different  women  but  also  from  the  same  woman  from  time 
to  time.  From  Table  XV  it  is  learned  that  the  protein 
composition  of  milk  from  an  individual  varies  within  com¬ 
paratively  narrow  limits  characteristic  for  that  woman.  Thus 


Table  XVII. — Protein  Distribution  in  Cow’s  Milk 
{After  Davies*^) 


Sample 

Shorthorn 

Ayrshire 

Friesian 

Pooled  Milk 

Casein 

2-41 

3-06 

2-45 

2-86 

.Albumin 

0-38 

0-39 

0-45 

056 

Globulin 

0-17 

024 

0-14 

0-20 

Table  XVIII. — Amino-acid  Composition  of  Cow’s  Milk  Proteins 

{Percentage  Distribution) 


Amino-acid 


Tyrosine 

.■\lanine 

Glycine 

Proline 

Glutamic 

.Aspartic 

Serine 

Cystine 

.Arginine* 

Phenylalanine* 

Leucine* 

Isoleucine* 

Histidine* 

Lysine* 

Threonine* 

Methionine* 

Tryptophane* 

Valine* 


Casein” 
per  100  g. 

Albumin** 
g.  per  100  g. 

Globuli 
g.  per  10 

5-5 

3-5 

4-3 

2-3 

2-6 

NA 

0-4 

— 

NA 

8-1 

4-0 

NA 

21-9 

13-7 

22-1 

4-2 

9-6 

lO-I 

50 

4-0 

NA 

0-4 

3-1 

36 

3-9 

3-6 

31 

5-5 

4-5 

5-3 

14-4 

17-4 

17-4 

5-2 

4-2 

6-6 

2-0 

1-4 

1-8 

60 

6-2 

10-4 

4-6 

4-3 

60 

3-1 

2-4 

3-6 

1-3 

2-1 

20 

5-3 

40 

7-9 

Cow’s  Milk 
Casein  2-86  per  cent 
Albumin 
0-56  per  cent 
Globulin 
0-20  per  cent 
mg.  per  100  c.c.  milk 


184 
80 
1 1 
252 

744 

192 

164 

35 

137 

191 

542 

184 

68 

226 

167 

109 

52 

189 


available 
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it  is  possible  for  a  woman  to  secrete  regularly  a  milk  low  in 
essential  amino-acids. 

Here,  possibly,  is  the  explanation  of  the  poor  muscle  growth 
and  tone  occasionally  observed  in  an  otherwise  healthy 
breast-fed  infant. 

The  Protein  of  Cow’s  Milk. — The  proteins  of  cow’s 
milk  vary  through  an  appreciable  range,  breed  of  animal 
probably  being  the  most  important  factor. 

Table  XVII  sets  out  the  protein  distribution  in  various 
types  of  milk  as  given  by  Davies.^® 

Williamson^®  has  determined  the  amino-acid  content  of 
cow’s  casein  and  cow’s  albumin  and  Block  and  Rolling^®  give 
those  of  globulin  ;  the  figures  are  reproduced  in  Table  XV  III. 

Comparison  of  the  Amino-acid  Content  of  Human  i 
and  Cow’s  Milk.— The  amino-acid  content  will  vary  in 
different  samples  of  milk.  The  composition  of  average 
human  milk  is  given  in  Table  XIX.  When  cow’s  milk  is 


Table  XIX. — Comparison  of  the  Amino-acid  Content  of  Cow’s-milk 
Mixtures  and  Average  Human  Milk  (mg.  per  loo  c.c.) 

(The  signs  -f  indicate  greater  than  average  human) 

(The  signs  —  indicate  less  than  average  human) 


Amino-acid 


Human 

Milk 


Milk  I 
Water  3 


Milk  I 
Water  2 


Cow’s  Milk  Mixtures 


-cr* 


Milk  2 
Water  3 


Milk  I 
Water  i 


Milk  2 
Water  i 


,  Full 
^  3  Strengt 

Water  i 


Milk 


Tyrosine 
Alanine 
Glycine 
Proline 
Glutamic 
Aspartic 
Serine 
Cystine 
Arginine* 
Phenylalanine* 
Leucine* 
Isoleucine* 
Histidine* 
Lysine* 
Threonine* 
Methionine* 
Tryptophane* 
Valine* 


45 

20 

o 

56 

150 

62 

43 

20 

37 
47 

128 

47 

17 

54 

38 

18 

17 

41 


45  ± 
20  ± 

!  3  + 

!  63+ 

1864- 

48- 

41- 
9- 
34- 
48 + 
135+ 
46- 
i7± 
56  + 

42  4- 
274- 
13- 

47 


61  4- 

26-4 

4+  ' 

84  4" 
2484-  I 
644- 
54+  I 


73  + 
32  + 

56  + 
loi  4- 
2964- 
764- 
664- 


97 

40 

6 

126 


12  — 


45  + 
64+ 
181  + 
61  + 
23  + 
75  + 
55  + 
36  + 

i7± 

634- 


14  — 

54+ 

764- 
216-4 
74  + 

264- 
90-4 
66-4 
42  4- 
20-4 

76-4 


372 

96 

82 
18- 

68 

96 

271 

92 

34 

113 

83 

54 

26 


122-4 
52  + 
8-4 

168-4 

496  + 

128-4 
108-4 
244- 
904- 
1284- 
362-4 
1224- 
46-4 
150  + 

I  io4- 
72  + 

34  + 
1264- 


135  + 

60  4- 


184 

80 


9-r 

^  189  + 


558  + 
144  + 
1234- 
27-4 
102 -p 


i  144-r 
,  405  + 

I  138  + 

;  51  + 

'  i68-r 

'  126-4 

8i-r 
39  + 

141- 


II 

252 

744 

192 

164 

35 

137 

191 

542 

184 

68 

226 

167 

109 

52. 

1891 


*  Essential  Amino-acids. 
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used  as  a  substitute  for  breast  feeding  it  is  important  that 
the  strength  of  the  cow  s  milk  should  be  such  that  the  con¬ 
centration  of  each  amino-acid  in  the  mixture  will  not  be  less 
than  that  computed  for  average  human  milk.  The  amino- 
acid  content  of  various  dilutions  of  cow’s  milk  with  water 
is  given  in  Table  XIX. 

It  will  be  observed  that  for  cow’s  milk  mixtures  of  strengths 
equal  to  or  greater  than  milk  2,  water  i,  the  amino-acid  content 
is  equal  or  greater  than  that  of  average  human  milk. 


FAT 

The  fat  of  human  milk  is  in  the  form  of  minute  globules, 
each  of  which  is  surrounded  by  a  protective  coat  consisting 
of  a  mixture  of  protein  and  phospholipid.^^  The  fat  content 
of  120  samples  of  human  milk  was  determined  by  Wardlaw 
and  Dart®2  and  showed  wide  variation.  The  mean  of  this 
series  was  4-95  per  cent.  The  samples  were  all  drawn  at 
10  a.m.  and  thus  the  diurnal  variation  was  eliminated.  The 
number  of  samples  having  various  fat  values  are  shown 
in  Table  XX. 

The  fat  content  of  milk  varies  during  the  day,  the  highest 

values  are  usually  recorded  in  the  10  a.m.  samples  and  the 

lowest  at  6  p.m.^^*  Macy  and  her  co-workers®^  found 

that  the  differences  between  maxima  and  minima  range  from 

14  to  68  per  cent,  with  an  average  of  36  per  cent.  Thus  the 

average  variation  would  be  of  the  following  order  : — 

Minimum  .  .  3*17  per  cent 
Daily  average  .  .  4-95  per  cent 
Maximum  .  .  6-73  per  cent 


The  average  fat  content  for  one  day  varies  from  day  to  day 
and  is  about  one-third  of  the  variation  within  the  day.®i 
The  diurnal  and  periodic  variations  are  not  sufficient  to 
explain  the  wide  range  of  values  recorded  by  Wardlaw  and  Dart 
from  samples  collected  at  the  same  time  each  day.  Frequent 
analyses  of  samples  from  a  number  of  women®i  have  demon¬ 
strated  that  the  average  fat  content  of  milk  is  characteristic 
tor  an  individual,  that  is,  each  woman  tends  to  secrete  a 
milk  the  fat  content  of  which  varies  within  the  day  and  from 
day  to  day.  but  tyithin  a  relatively  narrow  range  characteristic 
of  that  woman.  Thus  some  women  secrete  a  milk  persistently 
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low  in  fat,  whilst  that  from  other  women  constantly  has  a 
high  fat  content. 

Table  XX. — Frequency  Distribution  of  120  Samples  of  Human 
Milk  arranged  According  to  the  Fat  Content 

(After  Wardlazv  and  Dart^^) 


Number  of  Samples 
WITH  A  Fat  Content  in  the  Range 


Fat  Content 
(grammes  per  loo  c.c.) 


2 


2-0-  2-4 

2- 5-  2-9 

3- 0-  3-9 

4- 0-  4-9 

S'O-  5-9 
6-0-  6  9 
7*0-  7-9 

8-0-  8-9 
9  0-  9  9 

I0-0-I0-4 


8 

23 

28 

35 

14 

7 


The  differences  between  milk  secreted  by  the  two  breasts 
are  small  and  insignificant.^^  However,  wide  variations  exist 
between  the  milk  from  the  first  and  last  halves  of  a  nursing 
period.  The  difference  between  the  figures  is  about  26  per 
cent.®^  It  has  been  claimed  by  some  workers  that,  where 
the  secretion  is  large,  the  fat  content  is  lower  than  when 
the  volume  is  restricted.  This  was  not  confirmed  by  the 
statistical  analysis  of  Wardlaw’s^^  figures,  from  which  the 
fat  content  was  not  related  to  the  volume  withdrawn  from  a 

full  breast. 

It  has  been  suggested  that  the  percentage  of  fat  declines 
with  each  child  suckled.  However,  Wardlaw’s  figures  show 
that  the  weight  of  fat  obtained  each  day  shows  no  material 
variation  with  the  number  of  children  suckled. 
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This  is  an  important  point  to  be  borne  in  mind  when  the 
milk  for  an  infant  is  supplied  from  one  cow.  In  these  circum¬ 
stances  the  choice  often  falls  on  a  Jersey  cow,  and  the  fat 
content  may  be  in  the  upper  ranges  of  normal  and  may, 
because  of  the  amount  of  fat  present,  interfere  with  digestion. 

Pooled  milk  supplied  by  a  vendor  will  generally  contain 
slightly  above  the  legal  minimal  amount  of  fat,  from  3*2  to 
3-5  per  cent. 

The  Component  Fatty  Acids  of  Human  Milk,  and  a 
Comparison  with  that  of  Cow’s  Milk. — In  Table  XXI 
are  set  out  the  fatty  acids  in  mature  human  milk  as  determined 
by  three  different  groups  of  observers.^^"^®  In  the  same 
table,  for  comparison,  the  fatty-acid  content  of  cow’s  milk 

Table  XXI. — The  Component  Fatty  Acids  of  Human  Milk 
AND  Cow’s  Milk  Fat 


Percentage  Weight 


Butyric 

Caproic 

Capr^lic 

Capric  (decanoic) 

Laurie 

Myristic 

Palmitic 

Stearic 

.\rachidic 

Decenoic 

Dodecanoic 

’I'etradecenoic 

Hexadecenoic 

Oleic 

Octadecadienoic 


Human  Milk 

Cow's  Milk 

Baldwin  and 

Hilditch  and 

Brow'n  and 

Hilditch  and 

Longenecker” 

Meara“ 

Orians“ 

Longenecker*’ 

0-4 

— 

— 

3-0 

O-I 

— 

— 

1-4 

0-3 

— 

— 

1-5 

2-2 

1-7 

2-1 

2-7 

5-5 

64 

4-8 

3-7 

8-5 

7-6 

6-6 

12-1 

232 

22-4 

21-6 

25-3 

69 

90 

6-8 

9-2 

i-i 

0-9 

— 

I ’3 

o-i 

— 

— 

0'3 

o-i 

O-I 

— 

04 

0-6 

0-5 

0-4 

1-6 

30 

3-7 

2-6 

4-0 

36-5 

36-6 

39-5 

29-6 

7-8 

8-2 

10-4 

3-6 

is  also  given.s-  The  main  features  of  the  fat  of  human  milk 
are  : — 

a.  I  he  chief  fatty  acids  are  oleic  (about  36  per  cent)  and 
palmitic  (about  22  per  cent). 

b.  1  he  absence  of  butyric  acid  and  other  fattv  acids  below 
decanoic  acid  (Cjq)  ; 
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c.  The  presence  of  linoleic  acid,  representing  about  40- 
50  per  cent  of  the  octadecadienoic  acid,  i.e.,  it  is  present  in 
milk  at  about  the  5  per  cent  level. 

The  absence  of  butyric  acid  and  other  low  volatile  fatty 
acids  has  been  commented  upon  by  a  number  of  writers. 
It  is  frequently  claimed  these  lower  fatty  acids  are  irritating 
to  the  gastric  mucosa  and  are  the  cause  of  intestinal  distur¬ 
bances  in  young  infants  fed  with  cow’s  milk  mixture,  which 
of  course  must  contain  these  fatty  acids.  An  attempt  was  made 
to  trace  the  origin  of  this  statement.  One  possible  source 
is  the  writings  of  Gerstenberger^®"®°  early  in  this  century, 
who  based  his  statements  on  the  findings  of  the  Continental 
workers  Bokai,^!  Huldschinsky,^^  and  Bahrdt.^s  They  found 
that  the  stomach  contents  of  normal  healthy  infants  fed  with 
cow’s  milk  contained  from  three  to  six  times  as  much  low 
volatile  fatty  acids  as  the  contents  of  infants  fed  on  breast 
milk,  and  that  the  motions  of  healthy  infants  fed  with  both 
breast  milk  and  cow’s  milk  contained  low  volatile  fatty  acids, 
the  former  more  than  the  latter.  In  diarrhoea,  however, 
the  amount  is  greatly  increased  in  both  breast-fed  and  arti¬ 
ficially  fed  infants,  more  so  in  the  latter.  They  attributed 
the  presence  of  low  volatile  fatty  acids  in  the  stomach  to 


enzyme  action  and  in  the  intestine  to  bacterial  action. 

In  the  healthy  infant  the  amounts  of  low  volatile  fatty 
acids  in  both  the  stomach  and  intestine  are  apparently  without 
special  effect.  When  amounts  in  the  intestine  are  greatly 
increased  in  gastro-enteritis,  they  exert  an  irritating  action 
on  the  intestinal  mucosa. 

The  results  of  these  experiments  do  not  support  the 


suppestion  that  the  presence 


of  low  volatile  fatty  acids  in 
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and  low  volatile  fats  from  human  milk  is  per  se  of  import¬ 
ance  in  infant  feeding.  This  is  confirmed  by  the  experience 
of  Holt  and  others,®^*  who  found  that  increasing  the  volatile- 
fat  content  of  milk  mixtures  did  not  cause  clinical  disturbances. 

The  specific  reference  to  linoleic  acid  is  related  to  the 
fact  that  it  is  one  of  the  so-called  essential  fatty  acids.  This 
term  was  introduced  in  1930®’  and  since  that  time  has  been 
used  rather  loosely  to  designate  a  group  of  unsaturated  fatty 
acids  which  when  added  to  the  diet  will  bring  about  a  renewal 
of  growth  of  rats  whose  weight  has  reached  a  plateau  on  a 
low-fat  diet  deficient  in  the  essential  fatty  acids.®® 

Little  is  known  of  the  requirements  of  man  for  these 
essential  fatty  acids  but  a  number  of  observations  have  been 
made  on  infants  who  had  been  for  some  time  on  a  diet  extremely 
low  in  fat.®®  Some  of  the  infants  studied  had  some  biochemical 
reactions  similar  to  those  recorded  in  rats  which  had  been  on 
a  diet  deficient  in  linoleic  acid.  It  has  also  been  observed 
that  linoleic  acid  was  better  absorbed  in  premature  infants 
than  oleic  acid,  suggesting  that  the  presence  of  more  than 
one  double  bond  in  a  fatty-acid  chain  favours  fat  absorption. 
Beyond  these  facts  there  are  no  indications  that  linoleic  acid 
is  essential  for  infants.  It  will  be  noted  from  Table  XXI 
that  cow’s  milk  has  been  found  to  contain  linoleic  acid, 
although  in  smaller  amounts  than  human. 

The  recent  observation’®  that  some  cases  of  allergy,  including 
infantile  eczema,  were  improved  greatly  when  given  fats  rich 
in  linoleic  acid  as  maize  oil  or  lard,  reopens  the  question. 
It  is  possible  that  the  infant  needs  unsaturated  fatty  acids, 
and  if  these  are  deficient,  metabolic  disturbances  occur. 

The  Source  of  Milk  Fat.— Practically  all  the  work  on 
this  subject  has  been  carried  out  on  animals.  The  evidence 
indicates  that  the  principal  source  of  the  fat  is  the  neutral 
fat  of  the  blood,  and  this  in  turn  is  obtained  from  the  fats 
of  the  foods  or  from  the  fat  depots  of  the  body.’i  Experi¬ 
mental  work  on  animals  has  demonstrated  that  the  nature  of 

the  fat  in  a  diet  influences  the  chemical  and  physical  properties 
of  the  milk  fat.’^ 

In  our  experience  it  is  possible  to  reduce  by  dietary  means 
the  percentage  of  fat  m  human  milk  when  it  is  initially  high 
Cases  have  been  encountered  in  which  the  infant  has  shown 
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signs  of  fat  intolerance  and  an  analysis  of  a  series  of  whole 
breast  samples  has  revealed  a  persistently  high  figure  (7  to 
9  per  cent).  By  reducing  the  fat  intake  to  a  practical  minimum, 
it  was  possible  to  reduce  the  milk  fat  to  the  5  to  7  per  cent 
range.  In  two  cases  investigated  we  found  evidence  of  a 
familial  characteristic,  several  sisters  having  a  similar  history. 

Salmi found  that  the  average  fat  content  of  milk  from 
Finnish  women  during  the  war  years  (i 941-3)  was  signifi¬ 
cantly  lower  than  in  1939.  He  found  in  1939  the  average 
fat  content  was  4-1  (range  1*9  to  9-6)  per  cent,  whilst  in  1941-3 
the  average  was  3-1  (range  i*i  to  6-5)  per  cent.  There  was 
thus  a  drop  of  24  per  cent.  These  observations  were  con¬ 
firmed  by  other  Continental  workers. 


LACTOSE 

The  carbohydrate  of  human  milk  is  present  as  the  di¬ 
saccharide  lactose,  which  contains  one  molecule  of  galactose 
and  one  of  glucose. 

The  lactose  values  of  120  samples  of  human  milk  from 
Australian  women  analysed  by  Wardlaw  and  Dart^“  showed 
much  less  variation  than  the  figures  for  the  other  major 
constituents.  The  number  of  samples  having  various  lactose 

values  is  shown  in  Table  XXII . 

Variation  within  the  day  and  between  days  is  much  less 
than  for  fat  or  protein^i  ^^d,  as  will  be  seen,  variation  between 
subjects  is  relatively  small. 


Table  ATA//.— Frequency  Distribution  of  120  Samples  of  Human 
Milk  arranged  According  to  the  Lactose  Content 

(After  Wardlazv  and  Dart) 


Lactose  Content 
(grammes  per  loo  c.c.) 

Number  of  Samples  with  a 

Lactose  Content  within  the  Range 

4*8-5 -o 

I 

I 

5-I-5-3 

5 -4-5 -6 

'I 

5-7-5-9 

6  *0-6  *2 

13 

6*3-6*5 

6*6— 6*8 

74 

22 

6- 9-7-I 

7- 2-7-4 

4 

I 
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The  mean  value  for  lactose  is  usually  given  as  6-5  per  cent, 
and  it  will  be  seen  that  80  per  cent  of  the  samples  in 
Table  XXII  have  a  value  between  6-o  and  6*8  per  cent. 

Source  of  Lactose  in  the  Milk— The  mammary  gland 
takes  up  glucose’^  and  lactic  acid^^’  from  the  blood  passing 
through  it.  The  amount  of  both  substances  removed  from 
the  blood  is  enough  quantitatively  to  account  for  the  lactose 
in  the  milk.'® 

The  glucose  is  of  course  derived  from  either  the  carbo¬ 
hydrate  or  the  fat  of  the  diet  and  lactic  acid  is  an  intermediate 
stage  in  the  metabolism  of  carbohydrates.  So  far  as  is  known 
it  is  not  possible  to  alter  significantly  the  percentage  of  lactose 
in  the  milk  by  modification  of  the  maternal  diet. 

Lactose  of  Cow’s  Milk. — In  contrast  with  the  other 
major  constituents,  the  lactose  of  human  milk  is  of  similar 
chemical  composition  to  that  in  cow’s  milk.  The  only 
diflFerence  is  therefore  one  of  concentration.  An  average 
value  is  4-4  per  cent  and  the  range  is  from  3-5  to  6-o  per 
cent,  depending  upon  the  breed  of  cow  and  upon  the  observer.^® 
Thus  the  lactose  content  of  pooled  cow’s  milk  is  less  than 
that  of  human  milk. 

CALORIFIC  VALUE 

The  calorific  value  of  human  milk  is  usually  stated  to  be 
between  20  and  22  calories  per  ounce.  This  statement 
implies  a  high  degree  of  consistence  of  composition  ;  the 
preceding  sections  have  shown  this  not  to  be  the  case. 

In  order  to  appreciate  more  fully  the  effect  of  variations 
of  the  amounts  of  the  proximate  constituents  in  milk,  the 
calorific  value  was  calculated  of  each  of  the  120  samplk  of 
milk  analysed  by  Wardlaw  and  Dart.®^  The  values  obtained 
have  been  expressed  as  a  frequency  distribution  in  Table 
XXIII .  The  range  of  caloric  values  of  120  samples  of  milk 
drawn  at  random  is  wide,  extending  from  14-6  to  34-1  calories 
per  ounce.  Some  43  per  cent  of  samples  were  below  the 

usually  accepted  caloric  range,  i.e.,  from  19-0  to  22-0  calories 
per  ounce. 

The  mean  value  of  the  120  samples  was  21-36  calories 
per  ounce,  and  the  contribution  made  by  each  of  the  three 
proximate  constituents  was  : — 
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Fat  .  .  SQ'O  per  cent 

Lactose  . .  32-7  per  cent 
Protein  .  .  8-2  per  cent 


99-9 


12-6  calories  per  ounce 
6-9  calories  per  ounce 
1-6  calories  per  ounce 


21-3 


The  contribution  made  by  protein  is  small  and  any  fluctua¬ 
tions  in  protein  value  will  not  materially  affect  the  calorific 
value. 

Lactose,  which  contributes  approximately  one-third  of  the 
calories,  is  the  least  variable  proximate  constituent  of  milk. 


Table  XXII I. — Frequency  Distribution  of  120  Samples  of  Human 
Milk  arranged  According  to  the  Calorific  Value 

{After  Wardlaw  atjd  Dart^^) 


Calories  per  Oz. 


No.  OF  Samples 
WITH  Caloric  Value 
WITHIN  THIS  Range 


Percentages  of  Samples 
WITHIN  THE  Range 


14 

15 


I 

6 


0-83 

4-98 


} 


5-8i 


16 

17 

18 


6 

8 

10 


4-98  ■] 

664  ^  19-92 

8-33  J 


19 

20 

21 

22 


15 

9 

12 

16 


12- 45 
7-47 
9-96 

13- 28 


r  43-i6 


23 

24 

25 


13 

8 

7 


10-79  1 
6-64  ^  23-24 

5-8i  J 


26 

27 

28 

29 

31 

34 


3  2-48 

2  1-66 

I  0-83 

I  I  0-83 

I  0-83 

I  0-83 


> 


7-47 


Fat,  which  makes  the  most  substantial  contribution,  varies 
widely  from  woman  to  woman,  but  less  so  in  the  samples 
from  an  individual.  In  general,  variation  in  caloric  value 
is  an  expression  of  variation  of  fat  content,  and  as  the  fat 
does  vary,  it  is  to  be  expected  that  the  caloric  value  will  also 
vary.  The  fat  content  of  the  milk  is  influenced  by  emotional 
states  and  by  diet,  and  here  perhaps  is  the  explanation  for 
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the  variations  in  weekly  growth  seen  in  some  breast-fed 
infants. 

CALCIUM 

Calcium  in  Human  Colostrum  and  Mature  Milk. — 

Daily  samples  of  colostrum  from  the  same  woman  show  a 
rise  in  calcium  content  from  the  first  day  of  the  puerperium 
onward.^’’  A  plateau  is  generally  reached  on  the  fourth 
day.  Values  as  low  as  13  mg.  per  100  ml.  have  been  obtained 
for  colostrum  secreted  on  the  first  day  of  the  puerperium. 


Fig-  4- — Calcium  and  phosphorus  content  of  breast  milk. 


Most  investigators^®.  53,  77,  79  shown  that  the 

mean  value  for  the  calcium  content  of  human  milk  rises 
steadily  from  the  values  in  the  first  w’eek  to  reach  a  plateau 
in  the  third  or  fourth  month,  and  then  to  decline  slowly  to 
the  eleventh  month  {Fig.  4). 

d  wo  groups  of  workers^®.  have  examined  the  calcium 
content  of  mature  milk  from  Australian  women.  Their 
results  have  been  combined  in  Table  XXIV.  The  calcium 
content  of  human  milk  varies,  but  the  majority  of  samples 

r  I"  of  26  to  30  mg.  per  100  c.c.  Comparatively 

s  ight  daily  variations,  amounting  to  some  14  per  cent  between 
maximum  and  minimum  values,  have  been  recorded  in  a 
large  series  of  obseiw'ations,3i  whilst  the  day-to-day  variations 
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are  of  smaller  magnitude,  a  9  per  cent  difference  between 
maximum  and  minimum.^i  Insignificant  variations  have  been 
recorded  between  samples  secreted  by  both  breasts  at  the 
same  time.®^ 


Table  XXIV. — The  Calcium,  Phosphorus,  and  Magnesium  Content 
OF  Milk  of  Australian  Women,  According  to  the  Month 
OF  Lactation.  (After  Ritchie^^  and  Wimkoff’’’’) 


Month  of 
Lactation 

Calcium* 

Content 

Phosphorus* 

Content 

MAGNESIUMt 

Content 

Milligrammes  per  loo  millilitres 

I 

28-6 

15-9 

3-38 

2 

29-9 

15-0 

3-60 

3 

30-7 

14-1 

3-76 

4 

29-5 

13-7 

3-75 

5 

28-4 

14-0 

3-68 

6 

27-7 

13-2 

3-64 

7 

27-4 

13-0 

3 -66 

8 

26-7 

13-5 

373 

9 

25-8 

13-2 

3-58 

10 

24-0 

I2-I 

3-56 

1 1 

26-9 

I2-I 

375 

*  Combined  result  of  Ritchie^’  and  Winikoff’’ 
■f  From  Winikoff.” 


The  level  of  the  calcium  secreted  by  an  individual  woman 
seems  to  be  characteristic  for  the  woman.  The  calcium 
content  of  a  series  of  samples  of  milk  obtained  from  two 
women  over  a  period  of  some  months  is  shown  in  Fig.  5* 
The  data  show  a  fairly  constant  calcium  secretion  for  each 
subject,  but  at  two  distinct  levels.  These  graphs  are  typical 
of  many  obtained  by  Ritchie^®  in  a  large  series  of  women. 
Thus  it  seems  that  the  secretion  of  calcium  follows  the  pattern 
of  some  of  the  major  constituents  of  milk,  e.g.,  fat. 

Source  of  Calcium  in  the  Milk —The  immediate  source 
of  calcium  is,  of  course,  the  calcium  of  the  blood.  In  this 
connexion,  it  is  of  interest  to  note  that  the  calcium  content 
of  milk  is  approximately  three  times  the  concentration  of 
calcium  in  the  blood-serum  and  five  times  the  concentration 

of  the  diffusible  serum-calcium. 

The  source  of  the  serum-calcium  is  discussed  in  Chapter  III 
and  the  factors  operating  to  ensure  an  adequate  supply  of 
serum-calcium  to  meet  the  mechanical  transmission  to  the 
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ftttus  would  also  operate  during  lactation  ‘"'f' 

of  serum-calcium  so  that  the  mammary  gland  could  obta 
its  requirements.  As  will  be  shown  later,  this  regulating 

mechanism  apparent¬ 
ly  breaks  down  in 
osteomalacia. 

It  has  already  been 
shown  (Chapter  III) 
that  during  pregnancy 
the  percentage  reten¬ 
tion,  and  in  most 
instances  the  absolute 
retention,  of  calcium 
is  greater  than  in  the 
non-pregnant  woman. 

Provided  the  diet 
contains  liberal  sup¬ 
plies  of  calcium  the 
pregnant  woman  will 
retain  from  200  to 
400  mg.  of  calcium 
in  excess  of  the  total 
requirements  of  preg¬ 
nancy.  This  excess  is 
stored  in  the  skeleton 
and  provides  a  reserve 
for  lactation.  I"or  this 
reason,  it  is  difficult 
to  interpret  the  results 
of  balance  experi¬ 
ments  conducted  on 
lactating  women.  The 
results  of  a  limited 
number  of  balance 
experiments,  reviewed 
by  Duckworth  and 
Warnock®® 
impossible. 

The  calcium  secreted  in  milk  will  vary  from  100  to  300  mg. 
per  day,  the  upper  limit  being  above  the  amount  of  calcium 


are  so  variable  as  to  make 


6lb  u  ujnD|9;5 

generalization 


Calcium  content  of  samples  of  breast  milk  from  two  women. 
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frequently  retained  by  non-lactating  and  even  lactating 
women, indicating  a  withdrawal  of  calcium  from  the  skeletal 
reservoir  to  meet  the  needs  of  lactation. 

Ritchie^®  was  not  able  to  confirm  the  opinions  of  earlier 
workers®'^ >  that  the  administration  of  calcium  to  an 

apparently  healthy  woman  increased  the  calcium  level  of  the 
milk.  Ritchie  obtained  slight  rises  in  milks  which  were 
initially  low  in  calcium,  but  failed  to  affect  the  calcium  level 
of  milks  which  contain  moderate  and  high  levels  of  calcium. 
In  one  case  in  which  vitamin  D  medication  accompanied  the 
calcium  therapy  (3  g.  of  calcium  daily)  a  rise  of  22  per  cent 
was  obtained.  However,  as  the  premedication  calcium  content 
of  the  milk  was  i8-o  mg.  per  100  c.c.  the  rise  did  not  bring 
it  up  to  the  mean  value  for  the  series.  No  further  rise  was 
affected  after  several  weeks’  therapy. 

Maxwell  and  his  co-workers,  who  studied  the  effects  of 
osteomalacia  in  Chinese  upon  the  calcium  content  of  milk, 
report  an  interesting  set  of  figures.®^  The  figures  for  normal 
cases  were  obtained  from  many  determinations  in  their  wards  ; 
those  for  quiescent  osteomalacia  were  from  cases  who  had 
been  or  were  under  treatment  with  calcium  and  vitamin  D  ; 
and  those  for  active  osteomalacia  had  frank  manifestations 
of  the  disease  and  had  had  no  treatment.  The  figures  for 
the  average  calcium  and  phosphorus  content  of  a  series  of 
samples  is  shown  in  Table  XXV. 

Osteomalacia  reduced  the  calcium  content  by  some  20  per 
cent,  whilst  the  phosphorus  rose.  The  effect  of  therapy  is 
illustrated  by  the  high  figures  in  the  cases  of  quiescent  osteo¬ 
malacia.  Although  active  osteomalacia  is  associated  with  a 
fall  in  the  calcium  content  of  milk,  it  is  important  to  note 
that  the  serum-calcium  of  some  of  Maxwell’s  cases  of  osteo¬ 
malacia  was  as  low  as  mg.  per  cent.  Even  these  low 
values  for  serum-calcium  did  not  produce  a  very  substantial 
fall  in  milk  calcium.  In  this  regard  it  is  interesting  to  note 
that  several  of  the  apparently  healthy  w^omen  in  Ritchie’s 
series  persistently  returned  milk  calcium  figures  of  17  and 
18  mg.  per  cent. 

Thus  it  seems  that  the  mammary  gland  is  capable  ot 
concentrating  the  calcium  very  considerably.  This  observa¬ 
tion  should  be  interpreted  in  the  light  of  Maxwell’s  statement 
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that,  although  most  of  these  cases  of  osteomalacia  were 
supposedly  breast-feeding  their  infants,  the  workers  had 
great  difficulty  in  securing  enough  milk  even  over  24  hours 
for  the  analysis,  suggesting  that  quantity  was  sacrificed  for 
quality.  Reduction  of  quantity  is  the  mammary  tissue  s 
first  defence  against  inadequate  supplies. 


Table  XXV. — Effect  of  Osteomalacia  upon  the  Calcium 
AND  Phosphorus  Content  of  Milk.  {After  Maxwell  and  others.^*) 


Stage  of 
Lactation 

State  of 
Health 

Calcium  Con¬ 
tent  OF  Milk 

Phosphorus 
Content  of  Milk 

per  cent 

per  cent 

Colostrum 

Normal 

Quiescent 

26-58 

17-9 

osteomalacia 

Active 

22-84 

9-lS 

osteomalacia 

17-35 

12-02 

Transitional 

Normal 

Quiescent 

24-3 

17-63 

osteomalacia 

Active 

24-97 

15-13 

osteomalacia 

17-72 

18-52 

Mature  milk 

Normal 

Quiescent 

21-19 

1 1-66 

osteomalacia 

Active 

24-49 

13-96 

osteomalacia 

17-41 

13-56 

The  Calcium  Content  of  Cow’s  Milk. — The  calcium 
content  of  cow’s  milk  also  varies  considerably.  Milk  drawn 
from  the  same  cow  at  different  times  shows  some  variation, 
whilst  the  differences  between  breeds  is  considerable.  The 
range  of  a  large  number  of  determinations  assembled  by 
Davies^^  was  from  78  mg.  to  200  mg.  per  100  c.c.,  with  a 
mean  of  122  mg.  for  100  c.c.  The  calcium  content  of  large 
numbers  of  pooled  samples  of  milk  has  been  found  to  be 
120  mg.  per  cent. 

Comparison  Between  Human  Milk  and  Cow’s  Milk. _ 

The  calcium  content  of  cow’s  milk  is  between  four  and  five 
times  that  of  human  milk.  About  half  the  calcium  in  human 
milk  IS  diffusible,  the  remainder  being  in  organic  combination, 
whereas  m  cow’s  milk  about  a  third  is  diffusible.  It  is 
difficult  to  determine  whether  this  difference  in  amounts  of 
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diffusible  calcium  has  any  clinical  significance.  In  Chapter 
XII  the  differences  in  absorption  of  calcium  from  human 
milk  and  diluted  cow’s  milk  of  equal  calcium  strengths  will 
be  discussed.  The  retention  of  calcium  by  infants  fed  with 
the  latter  is  more  variable  and  less  in  absolute  amount  than 
infants  fed  on  breast  milk.  Whether  this  is  due  to  the 
variability  in  calcium/phosphorus  ratio  or  to  some  other 
factor  has  not  yet  been  determined. 

PHOSPHORUS 

Daily  samples  of  colostrum  from  the  same  woman  show 
a  rise  in  phosphorus  content  from  the  first  day  of  the  puer- 
perium  onward.  A  plateau  is  usually  established  by  the 
fourth  day. 

The  phosphorus  content  of  mature  milk  has  a 
range  of  from  9  mg.  to  19  mg.  per  100  c.c.  Most  investi¬ 
gators^®’  31-33,  53,  77,  79,  86  have  reported  that  the  mean  value 
flails  with  the  progress  of  lactation  from  the  first  to  the  seventh 
month  ;  it  then  maintains  a  plateau  for  the  next  three  months 
and  thereafter  declines  rapidly  from  the  tenth  month  onward 
[see  Fig.  4). 

Two  groups  of  workers^®’  have  studied  the  phosphorus 
content  of  milk  from  Australian  women,  and  the  combined 
results  of  their  investigations  are  given  in  Table  XXII  and 
Fig.  4. 

Variations  within  the  day  and  from  day  to  day  in  the 
phosphorus  content  of  milk  from  individual  women  ha\e 
been  recorded.  In  both  instances  the  magnitude  of  the 
variations  were  similar  to  those  observed  for  calcium.®^ 

A  breast-fed  infant  will  obtain  50  to  150  mg.  of  phosphorus 
per  day,  depending  upon  age  and  the  phosphorus  content 

of  the  milk. 

The  Source  of  Phosphorus  of  Milk. — This  has  been  the 
subject  of  much  controversy,  principally  because  of  the 
manner  in  which  the  phosphorus  of  milk  is  bound  to  other 
constituents,  e.g.,  protein  and  lipids.  Earlier  workers  as 
Slimed  that  the  phosphorus  was  obtained  by  the  mammary 
gland  in  the  bound  form  from  the  blood.  In  view  of  the 
fact  that  these  other  constituents  are  synthesized  m  the 
mammary  gland  from  basic  materials,  e.g.,  ammo-acids  and 
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neutral  fat,  it  is  logical  to  assume  that  the  mammary  tissue 
obtains  its  phosphorus  requirements  as  the  diffusible  inorganic 
phosphorus  of  the  serum. 

The  normal  value  for  the  serum  inorganic  phosphorus  is 
3  to  4  mg.  per  lo  c.c.  Thus  the  mammary  tissue  has  the 
capacity  to  concentrate  the  phosphorus  three  to  four  times. 

In  the  previous  section  it  was  shown  that  in  osteomalacia 
the  phosphorus  content  of  the  milk  rises  parallel  with  the 
rise  in  phosphorus  content  of  the  serum.  I  hus,  apparently 
in  diseases  affecting  the  balance  of  calcium  and  phosphorus 
in  maternal  tissue  there  is  no  adverse  effect  upon  the  phos¬ 
phorus  content  of  the  milk.  However,  it  will  be  observed 
that  the  calcium/phosphorus  ratio  is  altered. 

The  Phosphorus  Content  of  Cow’s  Milk. — The  phos¬ 
phorus  content  of  individual  samples  of  cow’s  milk  varies 
widely.  In  one  large  series  a  range  of  from  76  to  134  mg. 
per  cent  was  obtained,  but  80  per  cent  of  the  samples  fell 
between  the  range  of  87  to  1 1 5  per  cent,  with  a  mean  of 
102-2  mg.  per  100  c.c.^^ 

A  Comparison  of  the  Phosphorus  Content  of  Human 
Milk  and  Cow’s  Milk. — The  phosphorus  content  of  cow’s 
milk  is  about  seven  times  greater  than  that  of  human 
milk.  The  phosphorus  in  milk  can  be  separated  into  four 
categories  as  indicated  : — 


Total  phosphorus 


Acid-soluble  phosphorus 


Acid-insoluble  phosphorus 


Inorganic 

phosphorus 


Organic  Lipid 

phosphorus  phosphorus 


Protein 
phosphorus 


Almost  all  the  acid-insoluble  phosphorus  is  in  the  casein. 
The  lipid  phosphorus  of  the  acid-insoluble  fraction  is  small.s^ 
A  comparison  of  the  different  phosphorus  categories  in  human 
and  cow  s  milk  is  given  in  Table  XX VI. 

It  will  be  observed  that  the  partition  of  phosphorus  between 
the  acid-soluble  and  the  acid-insoluble  forms  is  almost 
Identical  m  human  and  cow’s  milk.  However,  the  separation 
of  the  acid-soluble  shows  that  a  much  higher  percentage  in 
COW  s  milk  IS  present  in  the  inorganic  form.  ^ 
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It  is  difficult  to  determine  whether  these  differences  have 
any  clinical  significance  ;  since  casein,  the  principal  form 
of  the  acid-insoluble  phosphorus  is  readily  digested  and  the 
products  early  absorbed,  it  is  to  be  presumed  that  all  this 
phosphorus  would  be  available.  Likewise  all  the  inorganic 
phosphorus  would  be  easily  transferable  through  the  intes¬ 
tinal  wall.  In  cases  of  defective  fat  digestion  there  may  be 
interference  with  the  liberation  of  the  acid-soluble  organic 
phosphorus.  Under  the  action  of  digestive  enzymes  all 
phosphorus  is  reduced  to  the  free  form  in  the  alimentarv 
canal,  therefore  it  would  seem  that  the  amount  of  total 


Table  XXVI. — Categories  of  Phosphorus  in  Human  and  Cow’s  Milk 

{After  Lenstrup^’’) 


Mg.  of  Phosphorus  per  ioo  c.c.  Milk 

Total 

P. 

Acid- 

insoluble 

P. 

Acid-soluble  P. 

Total 

Organic 

Inorganic 

Human  milk 

14-2 

2-6 

1 1-6 

s-i 

6-S 

Percentage 

lOO-O 

i8-3 

81-7 

35-9 

45-8 

Cow’s  milk 

95-4 

17-1 

78-3 

67-1 

1 1-2 

Percentage 

lOO-O 

17-9 

82-1 

70-3 

1 1-8 

phosphorus  is  more  important  than  the  relative  amounts  of 
the  categories,  for,  as  will  be  shown  in  the  next  section,  the 
former  interacts  with  calcium  and  so  influences  the  absorption 
of  that  element. 

The  Calcium/Phosphorus  Ratio.— The  calcium/phos¬ 
phorus  ratio  in  the  food  has  an  important  bearing  on  the 
metabolism  of  both  these  elements. If  phosphorus  is 
fed  in  excessive  amounts  the  calcium  excreted  in  the  faeces  is 
increased,  for  more  insoluble  phosphate  is  formed.  Similarly, 
a  greater  intake  of  calcium  leads  to  a  greater  faecal  output  of 
phosphorus. 8®  Therefore  it  is  not  only  essential  to  have 
liberal  amounts  of  calcium  and  phosphorus  in  the  diets  but 
they  must  bear  a  proper  relationship  to  each  other.  ^ 

I'he  calcium/phosphorus  ratios  of  human  milk  and  cow  s 
are  i  :  0*5  and  i  :  073  respectively— that  is,  cow’s  milk  has 
relatively  more  phosphorus  than  human  milk. 
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Magnesium  in  Human  Colostrum  and  Mature  Milk. 

Daily  samples  of  colostrum  from  the  same  woman  show  a 
rise  in  magnesium  content  from  the  first  day  of  the  puerperium 
onward.  A  plateau  is  usually  established  by  the  fourth  day. 
WinikolT"’  found  that  the  range  of  values  for  the  magnesium 
content  of  colostrum  secreted  during  the  first  three  days 
extended  from  1-37  to  4-43  mg.  per  100  c.c. 

'rhe  magnesium  value  of  mature  milk  collected  from 
Australian  women  was  found  to  range  from  2-5  to  5*0  mg. 
per  100  c.c.'"  The  figures  are  similar  to  those  obtained  by 
investigations  in  other  countries.®®’ 

Slight,  probably  insignificant,  variations  have  been  observed 
in  the  magnesium  content  of  samples  of  milk  collected  at 
different  times  in  the  day  and  on  different  days.  There  is 
an  absence  of  any  trend  so  that  the  value  remains  fairly  constant 
throughout  lactation.  In  this  regard  it  has  been  pointed  out 
that  the  magnesium  content  of  colostrum  does  not  differ 
greatly  from  the  almost  constant  value  obtained  for  mature 
milk. 

Source  of  Magnesium  in  Human  Milk. — The  mammary 
gland  obtains  its  supplies  of  magnesium  from  that  present  in 
the  maternal  serum.  The  magnesium  content  of  serum 
lies  between  i  mg  and  3  mg.  per  100  c.c.,  80  per  cent  of 
which  is  ultrafiltrable.®®  Thus  the  mammary  gland  concen¬ 
trates  magnesium  about  two-fold.  It  has  not  been  possible 
to  find  the  results  of  any  experimental  work  on  the  factors 
that  may  influence  the  magnesium  content  of  human  milk. 

d'he  serum-magnesium  does  not  vary  widely  under  ordinary 
conditions,  nor  is  there  any  constant  alteration  in  pathological 
conditions.®® 

A  high  percentage  of  the  magnesium  of  the  body  is  stored 
in  the  skeleton,  which  acts  as  a  reservoir,  magnesium  being 
released  as  required.  Duckworth  and  Warnock®®  have 
shown  that  the  average  magnesium  retention  during  pregnancv 
amounts  to  about  11-4  g.  The  requirements  of  the  fcctus  and 
annexa  is  about  i  g.  The  large  balance  is  apparently  available 
as  a  reserve  for  lactation. 

Magnesium  in  Cow’s  Milk  and  a  Comparison  with 
Human  Milk.— I  he  magnesium  content  of  cow’s  milk 
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varies  through  as  wide  a  range  as  3  mg.  to  23  mg.  per  cent.^® 
The  value  for  pooled  cow’s  milk  is  about  12  mg.  per  cent. 
Thus  cow’s  milk  is  about  two  and  a  half  times  richer  in 
magnesium  than  human  milk. 

SODIUM,  POTASSIUM,  SULPHUR,  AND  CHLORINE 

Very  little  work  has  been  done  on  the  factors  that  influence 
the  variation  of  these  elements  in  human  milk.  Holt  and  his 
co-workers®®  collected  together  the  results  of  the  analyses  of 
the  inorganic  constituents  of  human  milk  prior  to  1910  and 
published  them  together  with  a  large  series  of  their  own 
results.  These  figures  show  that  the  sodium,  potassium,  and 
chlorine  contents  of  human  milk  each  vary  within  fairly  wide 
limits.  The  averages  found  have  been  incorporated  in 
Table  XIIL 

Similarly  Davies,^®  who  collected  together  the  studies  on 
cow’s  milk,  found  that  the  averages  for  these  three  elements 
varied  considerably ;  variations  are  related  largely  to  the 
breed  of  cow.  Pooled  samples  of  cow’s  milk  show  fairly 
constant  figures  for  each  of  these  elements.  The  averages 
for  pooled  samples  are  shown  in  Table  XXIX. 

The  sulphur  content  of  human  colostrum  was  found  to 
vary  from  o-io  mg.  to  0-16  mg.  per  cent,  with  an  average 
of  0-14  mg.  per  cent.  In  mature  milk  the  range  extended 
from  o*o6  mg.  to  0-13  mg.  per  cent,  with  an  average  of  0-104 
mg.  per  cent.  The  sulphur  content  decreases  slightly  with 
the  stage  of  lactation.  The  sulphur  content  of  cow’s  milk 
extended  from  0-056  mg.  to  0-135  mg.  per  cent,  with  an 
average  of  0-09  mg.  Thus  the  sulphur  content  of  human 
and  cow’s  milk  is  almost  identical.^® 

IRON 

The  iron  content  of  human  milk  is  extremely  variable, 
values  ranging  from  0-03  mg.  to  0-19  mg.  per  100  c.c^  have 
been  recorded  92,  93  There  is  a  tendency  for  the  figures 
to  fall  as  lactation  proceeds,  but  the  fall  is  neither  marked  nor 
regular.  The  average  value  for  the  iron  content  of  human 
milk  obtained  from  a  large  series  of  observations  tyas  taken 
bv  Garry  and  Stiven»^  to  be  0-044  mg.  per  cent.  Thus  the 
average  infant  3  months  of  age  may  obtain  about  0-9  mg. 
per  day  of  iron  from  maternal  milk. 
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The  source  of  the  iron  is  undoubtedly  the  iron  in  the 
serum  of  maternal  blood,  which  amounts  to  some  0-3  to  0-4  mg. 
per  100  c.c.®^  Experiments  have  shown  that  it  is  not  possible 
to  increase  the  iron  content  of  milk  by  the  administration 
of  iron  salts  to  the  women. So  far  as  can  be  ascertained, 
studies  have  not  been  made  of  the  level  of  iron  in  the  milk 
of  anaemic  women  or  of  those  suffering  from  pernicious 
anaemia.  In  the  former  the  serum-iron  values  are  low  ;  in 
the  latter  often  exceedingly  high.  It  would  be  interesting 
to  know  whether  the  level  of  serum  influences  the  amount 
transferred  to  the  mammary  tissue. 

The  different  methods  of  analysis  used  by  investigators 
have  led  to  a  wide  variation  being  found  in  the  iron  content 
of  cow’s  milk.  Values  ranging  from  0-062  mg.  to  0-24  mg. 
per  100  c.c.  have  been  recorded.^® 

The  iron  content  of  cow’s  milk  has  been  found^^  to  increase 
on  keeping,  believed  to  be  due  to  contamination  from  the 
utensils.  The  drying  of  milk  by  the  roller  process  increases 
the  iron  content  this  is  not  so  likely  to  occur  in  spray- 
dried  milk. 

COPPER 

Estimates  of  the  copper  content  of  human  milk  are  in  good 
agreement ;  values  ranging  from  0-04  mg.  to  o-o8  mg.  per 
100  c.c.  have  been  obtained.®®*  It  has  not  been  possible 
to  establish  any  factors  responsible  for  variations  observed 
to  occur  during  the  course  of  lactation.®® 

Human  serum  contains  o-i  mg.  to  0-2  mg.  copper  per 
100  c.c.  serum,  for  most  of  the  copper  in  the  blood  is  in 
corpuscles.®®  Thus  it  seems  that  the  mammary  gland  is 
incapable  of  concentrating  copper,  for  human  milk  contains 
less  per  unit  volume  than  blood-serum.  This  is  in  contrast 
to  the  action  of  the  gland  in  respect  to  several  other  nutrients 
(e.g.,  calcium). 

Elvehjem  and  others®®  found  the  copper  content  of  cow’s 
milk  to  vary  between  0-012  mg.  and  0-02  mg.  per  100  c.c.  ; 
this  was  in  close  agreement  with  other  values  obtained.®® 
Thus  it  seems  that  cow  s  milk  contains  less  copper  than 
human  milk.  The  passage  of  commercial  cow’s  mdlk  through 
pasteurization  and  drying  machinery  does  in  manv  instances 
raise  the  copper  content.^®*  ®® 
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IODINE 

Human  colostrum  has  been  found  to  contain  8-45  fxg.  of 
iodine  per  100  c.c.,i®®  whilst  mature  milk  contains  8-12  [xg. 
per  100  c.cd®® 

Comparisons  between  the  milk  from  mothers  from  a 
goitrous  region  in  the  United  States  of  America  (Detroit) 
and  from  a  non-goitrous  area  (Boston)  showed  the  average 
iodine  value  to  be  higher  in  the  former.  It  was  concluded 
by  the  investigators  that  this  was  due  to  a  “  compensatory 
activity  ”  on  the  part  of  the  mother’s  thyroid. 

Wide  variations  have  been  recorded^®^’  in  the  iodine 
content  of  cow’s  milk  ;  values  ranging  from  0-4  mg.  to  i6-o  mg. 
per  100  c.c.  were  obtained  from  samples  drawn  from  two 
counties  in  England. Values  around  2-0  mg.  per  100  c.c. 
were  obtained  for  milk  from  one  cow  in  New  Zealand. 
Considerable  seasonal  variation  has  been  demonstrated. 

VITAMIN  A 

Vitamin  A  in  Human  Colostrum  and  Mature  Milk. — 

The  vitamin-A  activity  of  human  milk  is  due  to  the  presence 
of  both  vitamin  A  and  ^-carotene.  Macy  and  her  co-workers^^ 
have  computed  that  the  ^-carotene  represents  25  per  cent 
of  the  total  carotenoids  in  milk.  This  factor  has  to  be  con¬ 
sidered  when  the  total  vitamin-A  activity  is  calculated. 

It  has  been  found’^^  that  during  the  first  two  or  three  days 
of  the  puerperium  the  colostrum  is  relatively  rich  in  both 
vitamin  A  and  carotenoids,  and  that  the  values  fall  away  as 
the  post-partum  secretion  of  the  gland  (milk,  as  distinct  from 
colostrum)  is  mixed  with  the  colostrum.  By  the  tenth  day  the 
average  amount  of  vitamin  A  (viz.,  78  mg.  per  100  c.c.)  was 
found  to  be  only  slightly  greater  than  the  average  figure  for 
all  samples  of  mature  milk  (viz.,  62  mg.  per  100  c.c.).  Macy 
also  obtained  wide  variations  in  the  amounts  of  both  vitamin  A 
and  carotenoids.  The  range  for  the  former  on  the  third 
day  of  lactation  was  124  mg.  to  305  mg.  per  100  c.c.  and  for 
the  latter  on  the  first  day  86  mg.  to  385  mg.  per  100  c  c. 

The  average  values  for  colostrum  and  milk  for  the  hrst 
ten  days  of  lactation  for  both  vitamin  A  and  total  carotenoids 
obtained  by  Macy  have  been  reproduced  in  Fig.  6,  together 
with  a  chart  from  the  work  of  Stewart  and  Pratt  which 
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shows  the  quantities  of  colostrum  and  milk  secreted  during 
the  first  ten  days  of  lactation.  From  this  composite  graph 
it  will  be  seen  that  the  vitamin-A  and  carotene  content  of 
colostrum  varies  inversely  as  the  quantity  secreted.  The 
initial  high  figures  do  suggest  that  the  presence  of  such  a 
large  amount  is  in  some  way  associated  with  the  manner  in 
which  colostrum  is  produced. 

Because  of  this  fall  in  values  as  lactation  progresses,  it 
is  not  correct  to  give  an  average  figure  for  the  vitamin-A 


Fig.  6. — Vitamin-A  activity  of  colostrum. 


activity  of  colostrum.  Average  values  for  the  various  days 
can  be  read  ofiF  from  Fig.  6. 

The  average  quantity  of  total  carotenoids  in  mature  milk  was 
found  by  IVIacy^-*  to  be  25  mg.  per  100  c.c.  As  stated  earlier, 
about  one-fourth  of  the  amount  is  [3-carotene,  i.e.,  6  mg.,  and 
this  IS  equivalent  to  about  ten  international  units  of  vitamin- 
activity  Thus  it  will  be  seen  that  it  is  the  vitamin  A 
as  such  that  provides  the  bulk  of  the  vitamin-A  activity. 

he  vitamin-A  value  of  individual  samples  of  the  total 
quantity  expressed  from  a  breast  at  the  normal  feeding  time 
varied  between  15  mg.  and  226  mg.  per  100  c.c.  Ah  Z 
average  o  about  60  mg.  (258  i.u.)  per  100  c.c.  Thus  the 
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average  vitamin-A  activity  of  human  milk  is  about  268  i.u. 
per  100  c.c. 

Chevalieri®^  noted  that  in  the  same  subject  a  correlation 
was  found  between  the  content  of  vitamin  A  and  the  fat 
value  of  the  milk.  In  keeping  with  this  observation  he  also 
noted  that  milk  at  the  end  of  a  feed  was  richer  in  vitamin  A 
than  at  the  beginning. 

Source  of  Vitamin  A. — The  vitamin  A  and  carotene  are 
obtained  from  the  similar  products  in  the  maternal  blood. 
The  vitamin-A  content  of  the  blood-serum  has  been  studied 
by  a  number  of  workers. Kimble^®’  gives  the  average 
in  men  as  127  i.u.  and  in  women  as  91  i.u.  Chevalier^"® 
studied  the  vitamin  A  in  the  blood  of  fifteen  lactating  women. 
The  average  post-absorptive  level  was  175  i.u.  per  100  c.c. 
In  this  series  the  levels  in  the  blood  were  in  most  cases  higher 
than  the  figures  these  workers  obtained  for  the  vitamin-A 
content  of  the  milk  from  the  same  women. 

Friderichsen  and  With^®^  investigated  the  effect  of  high 
maternal  intakes  of  carotene  and  vitamin  A  upon  the  carotenoids 
and  vitamin-A  content  of  the  milk.  Daily  additions  to  the 
diet  of  2-10  mg.  carotene  were  followed  by  increases  in  serum- 
carotene,  but  there  was  no  increase  in  the  carotene  or  vitamin-A 
content  of  the  milk.  A  large  dose  of  vitamin  A,  120,000  i.u., 
did  not  affect  the  vitamin  A  of  the  serum,  but  it  was  followed 
by  a  significant  rise  in  the  vitamin-A  content  of  the  milk. 

Results  of  a  similar  nature  have  been  obtained  by  Hrubetz 
and  others. These  workers  studied  the  effect  of  large 
doses  of  vitamin  A,  50,000,  100,000,  and  200,000  i.u.  per  day, 
to  women  in  three  groups,  whilst  those  in  a  fourth  group, 
who  acted  as  controls,  did  not  receive  any  supplement.  All 
subjects  were  considered  to  be  on  a  good  diet.  The  \itamin-A 
supplement  was  given  daily  from  the  sixth  month  of  pregnancy 
and  continued  throughout  lactation.  An  abridgement  of  the 

results  is  given  in  Table  XXVII. 

The  values  for  the  milk  from  women  who  receive  no 
supplement  of  vitamin  A  is  less  than  the  average  figures 

obtained  by  Macy.^-* 

The  human  mechanism,  and  particularly  the  mammary 
gland,  is  a  very  inefficient  machine  for  the  transfer  of  vitamin  A 
to  the  infant.  The  actual  vitamin-A  content  of  the  diets 
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of  the  subjects  in  the  control  group  was  not  determined,  but 
it  can  be  assumed  that  the  majority  of  those  participating 
would  not  obtain  much  more  than  6000  i.u.  of  vitamin  A, 
probably  less.  The  increases  in  vitamin  content  of  the 
milks  from  women  who  receive  the  supplement,  although 
containing  an  increased  amount  of  vitamin,  was  insignificant 
compared  with  the  supplement  given.  From  i  to  3  P^t"  cent 
of  the  supplement  appeared  in  the  milk. 


Table  XXVII. — Effects  of  Large  Doses  of  Vitamin  A 
ON  Vitamin-A  Content  of  Milk 

{After  Hrubetz  and  other 


Stages  of 
Lactation 

Vitamin-A  Content  of  Milk 
(i.u.  per  100  c.c.) 

Group  1 
No 

Supplement 

Group  2 
50,000  i.u. 
daily 

Group  3 
100,000  i.u. 
daily  | 

Group  4 
200,000  i.u. 
daily 

2-10  davs 

331 

599 

869 

1047 

11-30  days 

232 

471 

498 

871 

3 1-60  days 

171 

325 

459 

501 

If  it  is  considered  that  an  infant  needs  more  vitamin  A 
than  is  provided  by  the  breast  milk,  it  is  obvious  that  the 
vitamin  should  be  given  directly  to  the  infant. 

Vitamin-A  and  Carotene  Content  of  Cow’s  Milk. — 
'Phe  vitamin-A  content  of  cow’s  milk  is  affected  by  the  diet ; 
pasture-fed  cattle  yield  a  milk  with  a  higher  vitamin-A  value 
than  stall-fed  cattle. The  breed  of  cow  undoubtedly 
has  an  effect  upon  the  vitamin-A  content  of  the  milk.  From 
data  developed  by  Heilbron  and  his  co-workers^^^  the  follow¬ 
ing  figures  for  total  vitamin  A  were  calculated  for  four  breeds 
of  cow. 

Guernsey  .  .  220  i.u.  per  100  g.  milk 

kriesian  . .  109  i.u.  per  100  g.  milk 

Shorthorn  .  .  87  i.u.  per  100  g.  milk 

Ayrshire  .  .  75  i.u.  per  100  g.  milk 

The  Medical  Research  Council  of  Great  Britain^®  has 
accepted  the  following  values  for  pooled  cow’s  milk  : _ 

Summer-time  .  .  140  i.u.  per  100  g. 

Winter-time  .  .  20  i.u.  per  100  g! 

Although  figures  are  not  available  for  the  vitamin-A  content 
of  milk  from  Australian  cows,  the  nature  of  the  feeding 


io8  INFANT  NUTRITION 

programmes  is  such  that  if  a  seasonal  variation  does  occur  it 
will  not  be  of  the  same  order  as  that  which  occurs  in  England. 

THIAMINE 

Thiamine  Content  of  Human  Colostrum  and  Milk. — 

The  figures  obtained  in  two  recent  investigations  into  the 
thiamine  content  of  human  milk^^>  are  similar  and  will 
be  used  as  the  basis  for  this  section.  The  thiamine  content 
of  colostrum  rises  from  low  levels  (1-2  [xg.  per  100  c.c.) 
on  the  first  day  post-partum  to  about  10  [xg.  on  the  tenth. 
This  low  value  in  the  first  days  of  lactation  is  of  interest, 
for  it  seems  that  thiamine  only  appears  in  the  transitional 
milk  in  any  quantity  when  milk  is  mixed  in  quantity  with  the 
colostrum.  This  observation  supports  the  contention  that 
the  water-soluble  products  of  the  pre-partum  secretion  of 
the  mammary  gland  tends  to  develop  an  equilibrium  with 
those  in  the  blood. 

The  total  thiamine  value  of  mature  milk  increases  from 
10  [xg.  per  100  c.c.  on  the  tenth  day  to  a  maximum  of  about 
15  fxg.,  which  is  reached  about  the  third  week.  The  range 
of  thiamine  values  obtained  from  all  subjects  in  both  investiga¬ 
tions  was  extreme — from  4  (xg.  to  18  [xg.  per  100  c.c.  How¬ 
ever,  the  day-to-day  variation  of  individual  subjects  was  slight 
provided  that  the  diet  remained  constant  and  the  requirement 
of  the  mother  for  the  vitamin  was  not  altered  (i.e.,  absence  of 
pyrexia,  etc.). 

The  thiamine  present  in  human  milk  may  be  either  as 
free  thiamine  or  as  the  phosphorylated  form  (cocarboxylase) 
or  as  a  protein-bound  unphosphorylated  form.  The  ratio 
of  free  to  total  has  been  found^^  to  vary  from  o  to  100  per 
cent,  in  the  former  there  being  no  free  thiamine,  in  the  latter, 

none  other  than  the  free.  •  1  1 

The  thiamine  content  of  milk  is  influenced  directly  by 
the  thiamine  intake  by  the  mother  and  her  own  requirements 
for  thiamine.  The  following  details  from  a  subject  investi¬ 
gated  by  Slater  and  RiaE^  are  illustrative  of  this  point. 
Three  samples  assayed  during  the  tenth  to  fourteenth  week 
of  lactation  gave  normal  or  slightly  supernormal  values 
About  this  time,  the  patient,  acting  on  medical  advice,  reduced 
her  butter  intake  and  with  it  her  consumption  ot  bread. 
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which,  during  her  pregnancy  and  lactation  had  been  wholemeal. 
Instead  of  bread  she  ate  biscuits  (crackers)  which  contained 
small  amounts  of  vitamin. The  change  in  the  subjects 
dietary  habits  had  two  effects,  both  tending  to  decrease  the 
thiamine  value  of  the  milk.  The  replacement  of  wholemeal 
bread  by  biscuits  reduced  the  intake,  and  the  reduction  o 
fat  increased  the  non-fat  calories  in  her  diet,  which  m  turn 
increased  the  thiamine  requirements  of  metabolism.  There 
was  a  rapid  drop  in  the  thiamine  value  of  the  milk,  values 
of  6-7  [xg.  per  100  c.c.  were  obtained  in  samples  collected 
over  five  days.  The  subject  was  then  given  a  3-(xg.  tablet 
of  thiamine  daily  and  this  resulted  in  a  rapid  rise  in  thiamine 
value  of  the  milk  to  10-3  [xg.  on  the  first  day  after  she  took 
the  tablet  to  15-3  [xg.  per  100  c.c.  on  the  second. 

Lactating  women  on  either  a  self-chosen  diet  or  a  specially 
selected  balanced  diet  tend  to  secrete  a  milk  with  a  maximum 
value  of  about  15  jxg.  per  100  c.c.  However,  if  these  women 
are  given  additional  thiamine  in  tablet  form,  in  doses  of 
3  to  9  [Xg.  per  day,  the  thiamine  value  of  the  milk  can  be 
increased,  but  there  is  a  ceiling  beyond  which  the  value 
cannot  be  increased.  This  ceiling  appears  to  be  between 
20  and  23  [xg.^®>  for  100  c.c. 

Macy  and  her  co-workers^^®  have  recently  studied  the 
efficiency  of  the  human  mammary  gland  to  transfer  thiamine 
from  maternal  diet  to  milk.  They  found  that  during  the  period 
of  greatest  secretion  of  thiamine  in  the  milk — that  is,  two  to 
three  months  post-partum — thiamine  in  the  milk  averaged 
only  8  per  cent  of  the  intake. 

The  source  of  thiamine  in  milk  is  that  present  in  the  blood- 
plasma,  which  has  been  found  to  be  between  4-5  and  12*0  [xg. 
per  100  c.c. ,^20-122  Qf  which  from  0*3  [xg.  to  0-5  [xg.  is  in  the 
free  form.  So  far  as  is  known,  studies  have  not  been  made  to 
determine  whether  cocarboxylase  passes  from  the  blood  through 
into  the  mammary  gland  or  is  resynthesized  in  the  gland. 

Thiamine  Content  of  Cow’s  Milk.— Maynard  and 
others^"^  summarized  the  results  of  some  fourteen  investiga- 
Hons  into  the  thiamine  value  of  cow’s  milk  and  showed  that 
It  lies  between  35  and  40  [xg.  per  100  c.c.  Raw  cow’s  milk 

IS  thus  from  two  to  three  times  as  rich  in  thiamine  as  human 
milk. 
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Pasteurization  is  responsible  for  the  destruction  of  some 
thiamine,  high-temperature-short-time  processes  probably 
cause  the  least  loss,  which  by  this  method  is  about  3  per 
cent.i'^^  During  the  holding  process  the  destruction  has  been 
found  to  be  of  the  order  of  10  per  centd^^  No  loss  of  thiamine 
occurs  in  the  preparation  of  dried  milksd‘^®> 

RIBOFLAVIN 

Riboflavin  Content  of  Human  Colostrum  and  Milk. 

— During  the  last  four  or  five  years  a  considerable  amount 
of  effort  has  been  directed  towards  the  development  of  a 
satisfactory  method  for  the  determination  of  riboflavin  in 
biological  materials.  The  macrobiological,  microbiological, 
and  chemical  techniques  have  all  been  tried,  but  the  older 
methods  have  been  judged  to  be  unsatisfactory  in  some 
respect. Therefore,  it  is  not  surprising  to  find  a  wide 
range  in  values  for  the  riboflavin  content  of  human  milk. 
Figures  ranging  from  12  to  100  [xg.  per  100  c.c.  have  been 
obtained  by  various  authors,  and  from  the  groupings  of  the 
results  of  different  workers  it  is  apparent  that  a  considerable 
proportion  of  the  difference  is  due  to  the  various  methods 
used.  Macy  and  her  group,^®  using  a  chemical  method, 
made  an  extensive  study  of  the  riboflavin  content  of  human 
milk  and  obtained  values  ranging  from  19-8  [xg.  to  62*2  [xg. 
per  100  C.C.,  with  an  average  of  37  fxg. 

The  method  used  by  Macy  has  been  shown  by  Slater  and 
MorelP^®  to  be  non-specific  for  riboflavin,  and  for  this  reason 
the  results  obtained  by  the  Detroit  group  are  probably  too 
high — how  much  too  high  cannot  be  estimated  at  this  stage. 
Francis,^^^  who  used  an  adaption  of  the  Slater-MorelP^“ 
modification  of  the  fluorimetric  method,  obtained  a  range  of 
27  [xg.  for  100  C.C.,  with  an  average  of  19  H-g* 

This  divergence  in  results  makes  it  impossible  at  the  present 
time  to  give  any  set  of  absolute  values  to  the  riboflavin  content 

of  human  milk. 

Comparative  studies  by  the  same  method  are,  however, 
of  use.  Roderuck  and  others^^s  found  apprecmble  differences 
in  the  total  riboflavin  in  24-hour  samples  of  milk  from  women 
in  approximately  the  same  stage  of  lactation,  whose  intake 
of  riboflavin  was  in  all  instances  about  3-3  [xg.  daily.  1  e 
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riboflavin  in  24-hour  samples  of  milk  ranged  from  o-i2  pg. 
to  0-53  pg.  The  variation  through  lactation  was  also  con¬ 
siderable.  During  the  first  day  post-partum,  the  daily 
quantity  of  riboflavin  in  the  milk  secreted  was  less  than 
0-05  pg.,  rising  to  078  pg.  by  the  tenth  day.  The  daily 
average  at  two  to  three  months  was  0-41  pg.  ;  at  five  to  six 
months,  0-38  pg.  ;  and  seven  to  eight  months,  0-29  pg. 

When  the  intake  of  riboflavin  was  augmented  by  50  per 
cent,  a  significant  increase  occurred  in  the  riboflavin  content 
of  mature  milk.  In  the  subjects  investigated  some  3-15  per 
cent  of  the  intake  was  secreted  in  mature  milk. 

Francis^^^  noted  that  an  intercurrent  illness  in  the  mother 
(e.g.,  acute  tonsillitis)  reduced  appreciably  the  riboflavin  in 
the  milk  secreted  at  the  height  of  the  infection. 

Randoin  and  RafTyi34  studied  the  effect  of  wartime  rations 
in  France  upon  the  riboflavin  content  of  human  milk.  The 
criticism  of  absolute  riboflavin  values  does  not  apply  to  their 
studies  where  a  comparison  is  made  of  the  figures  obtained 
by  the  same  workers  at  different  times.  In  1940,  when  there 
were  no  severe  dietary  restrictions,  the  daily  intake  of  ribo¬ 
flavin  was  I  •5-2-0  pg.  ;  later,  in  1942,  the  average  national 
intake  had  fallen  to  0-98-1 -35  pg.  Samples  of  human  milk 
showed  a  definite  drop  of  30  per  cent  between  the  two  sets 
of  observations.  Furthermore,  the  lowering  was  more  marked 
in  winter  than  in  summer.^^^ 

Riboflavin  Content  of  Cow’s  Milk. — arious  figures 
have  been  quoted  for  the  riboflavin  content  of  pooled  cow’s 
milk.  Maynard  and  others^^^  in  a  review  gave  an  average 
figure  of  200  pg.  per  100  c.c.  This  is  somewhat  higher 
than  average  values  obtained  by  recent  investigators. 

These  were  all  grouped  around  150  pg.  per  too  g.  Once 
again  the  problem  of  specificity  of  methods  of  analysis 
influences  the  interpretation  of  results. 

It  is  apparent,  however,  that  cow’s  milk  is  three,  four,  or 
e\en  five  times  richer  in  riboflavin  than  is  human  milk. 

NICOTINIC  ACID  (NIACIN) 

Nicotinic-acid  Content  of  Human  Colostrum  and 
Milk.— Two  groups  of  research  workers^^o-^s  have  recently 
established  the  biosynthesis  of  nicotinic  acid  in  the  human 
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gut  by  bacteria  and  have  produced  data  which  would  indicate 
that  up  to  8o  per  cent  of  the  nicotinic-acid  requirements  of 
man  are  provided  in  this  way.  This  observation  raises  the 
question  of  the  importance  of  measurements  of  nicotinic 
acid  in  foodstuffs. 

However,  a  number  of  studies  have  been  made  of  the 
nicotinic-acid  content  of  human  colostrum.  Low  values, 
of  the  order  of  50-100  [jig.  per  100  c.c.,  were  obtained  by 
Coryell  and  others^’  for  colostrum  secreted  during  the  first 
three  days  post-partum.  Escudeso’s  group  in  Argentina 
secured  similar  figures.^^^  The  average  niacin  content 
of  mature  milk  was  found  by  Coryell  and  others^'  to  be 
183  [xg.  per  100  c.c.  and  the  range  66-330  [xg.  Moreover 
no  relationship  was  found  to  occur  between  the  concentra¬ 
tion  of  niacin  in  the  milk,  and  such  factors  as  the  niacin 
content  of  the  maternal  diet,  the  time  after  birth  of 
the  infant,  the  season  of  the  year,  or  the  volume  of  milk 
produced. 

Whether  there  are  marked  variations  in  the  production  of 
niacin  by  intestinal  bacteria  and  whether  this  is  a  factor  in 
the  wide  variations  observed  is  unknown. 

It  has  been  shown  that  approximately  10  per  cent  of  the 
nicotinic  acid  in  the  blood  is  in  plasma.^^^"^^’  Melnick  and 
others^^®  found  that  a  recently  ingested  meal  did  not  appreci¬ 
ably  affect  plasma-nicotinic-acid  values. 

An  oral  test-dose,  especially  if  given  on  an  empty  stomach, 
was  followed  by  a  steep,  short-term  rise  in  plasma-nicotinic- 
acid  values.  But  as  this  is  not  a  usual  procedure  in  lactation, 
the  former  observation  is  the  more  important. 

The  Nicotinic-acid  Content  in  Cow’s  Milk.— Most 
investigations  give  values  for  the  nicotinic-acid  content  of 
cow’s  milk  of  between  80  and  90  [xg.  per  100  c.c. 


ASCORBIC  ACID 

The  Ascorbic-acid  Content  of  Human  Colostrum 
and  Milk.— Munks  and  her  co-workers^^i  reviewed  previous 
works  upon  the  ascorbic-acid  content  of  human  milk  when 
they  published  their  own  findings.  The  data  contained  in 
that  article  together  with  the  results  of  Winikoff  s-»  work 
have  been  drawn  upon  heavily  for  this  section. 
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Although  colostrum  usually  contains  less  ascorbic  acid  than 
mature  milk,  most  observers  have  reported  that  mature  milk 
values  are  usually  obtained  about  the  third  day  of  lactation. 

Mature  milk  has  been  found  to  contain  from  2  mg.  to  6  mg. 
of  ascorbic  acid  per  100  c.c.  All  authors  are  agreed  that  the 
diet  of  the  mother  has  a  marked  influence  on  the  level  of 
ascorbic  acid  in  the  milk.  When  liberal  supplies  of  ascorbic 
acid  are  given  to  the  mother  the  ascorbic-acid  content  of 

the  milk  "is  raised.  In  one  set  of  observations^^^  the  pre¬ 
medication  level  of  4"5  raised  to  7*3  mg.  per  100  c.c., 

whilst  in  another  study  a  maximum  of  8  mg.  per  100  c.c.  was 
obtained.^^^^  It  seems  that  in  the  average  woman  this  figure 
cannot  be  exceeded,  however  much  ascorbic  acid  is  given 
to  the  mother. 

Because  of  the  close  relationship  between  maternal  diet 
and  ascorbic-acid  content  of  milk,  it  is  not  surprising  that  most 
authors^^^’  have  found  that  the  ascorbic-acid  value  of  milk 
undergoes  seasonal  variations,  high  values  being  obtained  in  the 
summer  and  autumn  and  low  values  in  the  winter  and  spring. 

The  source  of  ascorbic  acid  in  the  milk  is,  of  course,  the 
ascorbic  acid  of  maternal  plasma,  and  this  has  been  found  by 
many  investigators^^®®  to  vary  from  o-o  to  2-0  mg.  per  100  c.c., 
depending  upon  the  degree  of  tissue  saturation. 

The  Detroit  group^®’  made  a  detailed  study  of  the  relation¬ 
ship  of  ascorbic-acid  content  of  human  milk  to  the  amount 
in  the  maternal  plasma  and  found  little  correlation.  They 
suggested  that  as  the  plasma  level  bears  a  definite  relationship 
to  the  eating  habits,  so  the  time  at  which  the  blood  is  taken 
will  have  an  important  bearing  on  the  actual  figure  obtained 
f(5r  plasma-ascorbic-acid.  The  mammary  tissue  appears  to 
have  a  high  priority  for  ascorbic  acid  and  in  the  absence  of  a 
steady  intake  may  drain  the  ascorbic  acid  from  the  maternal 
blood.  This  is  a  possible  explanation  for  one  set  of  figures 
obtained  by  Munks  and  her  co-workers  one  of  the  lowest 
blood  values— O' I  mg.  ascorbic  acid  per  100  ml.— was  recorded 
for  a  woman  who  secreted  the  highest  concentration  of  ascorbic 
acid  in  the  milk — namely,  10  mg.  per  100  ml. 

If,  of  course,  the  plasma  levels  are  perpetually  low,  due 
to  low  intake  of  ascorbic  acid,  it  follows  that  the  mammary 
gland  has  no  source  of  supplies. 
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Most  workers!^®  conclude  that  the  lactating  woman  requires 
from  75  mg.  to  100  mg.  daily  of  ascorbic  acid  to  ensure  satura¬ 
tion  of  the  milk  with  the  vitamin. 

Ascorbic-acid  Content  of  Cow’s  Milk. — The  ascorbic- 
acid  content  of  cow’s  milk  varies  greatly  with  the  form  of 
treatment.  Most  investigators^®®"^®®  have  found  between 
2*0  mg.  and  2-5  mg.  of  ascorbic  acid  per  100  c.c.  of  raw  milk 
as  obtained  from  the  cow. 

Pasteurization  results  in  at  least  30  per  cent  destruction, 
so  that  whereas  the  average  for  raw  milk  was  17-26  mg.  per 
litre,  that  for  pasteurized  milk  was  14-0  mg.^®^ 

More  important  than  the  effects  of  pasteurization  is  that 
of  exposure  to  sunlight,  so  that  most  of  the  milk  sold  com¬ 
mercially  has  no  ascorbic-acid  value. ^®^ 

VITAMIN  D 

Vitamin  D  in  Human  Milk. — Drummond  and  his  co- 

workers^®  investigated  the  amount  of  vitamin  D  in  human 
milk  and  found  the  mean  value  of  twenty-six  samples 
was  about  6  i.u.  per  100  c.c.,  with  a  range  of  2-18  i.u. 
Harris  and  Bunker^®®  found  the  vitamin-D  content  of  60 
quarts  of  pooled  human  milk  to  be  4  i.u.  per  quart 
(32  oz.). 

Attempts  have  been  made  to  increase  the  vitamin-D  content 
of  human  milk  by  giving  large  doses  of  vitamin  D®®-  1®^  to  the 
mother  without  any  very  pronounced  results.  Drummond 
gave  1000  i.u.  per  day  to  a  group  of  lactating  women  and  the 
figures  obtained  for  the  vitamin-D  content  of  the  milk  were 
in  the  same  range  as  those  quoted  above,  namely  4“9 
100  c.c. 

Polskin  and  others^®^  gave  large  doses  of  Vitamin  D  to 
women  during  pregnancy  and  early  lactation.  1  he  milk 
from  twenty  women  who  had  from  128,000  to  480,000  i.u. 
during  pregnancy  contained  about  6  i.u.  per  100  c.c.  The 
milk  from  three  women  who  had  not  had  additional  vitamin  D 

contained  1-9,  3’0,  and  4-4  i.u.  per  100  c.c. 

Both  groups  of  workers  concluded  that  to  endeavour  to 
give  additional  vitamin  D  to  the  breast-fed  infant  by  t  e 
enrichment  of  the  maternal  diet  with  vitamin  D  was  not  a 
practical  procedure. 
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Vitamin  D  in  Cow’s  Milk.— The  vitamin-D  content  of 
fresh  cow’s  milk  has  been  found  to  vary  within  the  wide 
limits  of  0-5  to  20  i.u.  per  lOO  c.c.i^®*’  However,  most 
samples  of  cow’s  milk  are  within  the  range  of  i  •0-4-0  i.u. 
per  100  c.c.^®^ 

In  the  United  States  of  America,  and  to  some  extent 
Canada,  cow’s  milk  is  reinforced  with  vitamin  D. 

This  is  done  either  by  : — 

1.  Irradiating  the  cow; 

2.  Irradiating  the  milk  ; 

3.  Giving  the  cow  vitamin  D  in  the  food  ; 

4.  Adding  vitamin  D  to  the  milk. 

Irradiation  of  the  cow  occurs  normally  if  it  is  pastured 
out-of-doors  in  sunlight.  In  some  parts  of  the  world,  for 
example  Australia,  this  is  the  normal  procedure,  whilst  in 
those  places  with  severe  winters  it  is  customary  to  house  the 
animals  in  barns  during  the  winter  months.  The  vitamin-D 
content  of  milk  produced  under  the  former  conditions  tends 
to  be  uniform  throughout  the  year,  whilst  there  are  marked 
fluctuations  in  that  produced  under  the  latter  conditions. 
The  maximum  amount  in  summer  milk  from  cows  irradiated 
by  sunlight  was  about  5  i.u.  per  100  c.c. 

By  passing  milk  in  a  thin  film  before  a  source  of  ultra¬ 
violet  light  it  is  possible  to  produce  a  milk  that  contains 
14-44  P^r  100  c.c.i®®"^®® 

Milk  fortified  by  feeding  the  cow  various  vitamin-D  con¬ 
centrates  such  as  irradiated  yeast,  calciferol,  or  cod-liver  oil, 
is  standardized  to  contain  44  i.u.  per  100  c.c.  (400  i.u.  per 
American  quart). 

Finally,  the  milk  fortified  by  the  addition  of  a  vitamin-D 
preparation  to  the  milk  is  also  standardized  to  contain  44  i.u. 
per  100 

VITAMIN  K 

Dam  and  others^®  have  shown  that  human  milk  contains 
an  average  of  50,  with  a  range  of  o  to  200,  Dam  and  Glavind 
units  per  100  c.c.  of  vitamin  K.  The  same  authors  also 
investigated  cow’s  milk  and  found  the  average  to  be  2  and  the 
range  o  to  4  Dam  and  Glavind  units. 
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VITAMIN  E 

Abderhalden^®^  has  found  that  human  milk  in  the  early 
stages  of  lactation  (2-3  weeks)  contains  about  3-0  mg.  per 
cent  of  tocopherols.  When  lactation  is  fully  established  the 
amount  dropped  to  0-9  mg.  per  cent. 

Cow’s  milk  contained  less  than  o-i  mg.  per  cent  tocopherols. 

ENZYMES  IN  HUMAN  MILK 

Human  milk  has  been  found  to  contain  a  number  of  enzymes. 
Most  of  those  present  have  escaped  by  transfusion  from 
the  blood-stream  and  have  little  physiological  importance. 
Freudenberg,  quoted  by  Wolman,^®^  has  demonstrated  that 
lipase  is  present  in  both  human  milk  and  cow’s  milk.  As 
it  is  thermolabile,  that  in  the  latter  is  destroyed  when  the 
milk  is  pasteurized  or  boiled.  The  enzyme  present  in  human 
milk  may  play  a  part  in  the  digestion  of  fats  present  in 
the  milk.  The  digestion  or  removal  of  the  protein  envelope 
surrounding  each  fat  globule  is  probably  a  prerequisite  step 
to  its  action.  Although  little  is  known  of  the  chemical  or 
physical  nature  of  this  protein,  it  is  not  one  of  the  common 
proteins  of  milk  so  it  is  idle  to  speculate  on  the  action  of  the 
lipase  of  human  milk. 

EXCRETION  OF  NICOTINE  IN  BREAST  MILK 

This  problem  has  been  the  subject  of  a  number  of  investiga- 
tions.^^0-1^2  Perlman  and  others, 1^2  ^sing  the  small  trans¬ 
parent  fresh-water  crustacean  Daphfiia  magna,  found  that  the 
concentration  of  nicotine  in  the  milk  rose  with  the  number 
of  cigarettes  smoked.  In  their  opinion  lactation  was  little, 
if  at  all,  affected  by  the  smoking  of  cigarettes.  This  con¬ 
flicted  with  the  observations  of  Thompson, who  had  not 
known  a  patient  who  smoked  eight  or  more  cigarettes  a  day 
whose  lactation  was  adequate  at  three  months  after  delivery. 

The  nurslings  in  Perlman’s  series  were  apparently  not 
affected  by  the  quantity  of  nicotine  in  the  milk. 

EXCRETION  OF  LAXATIVES  IN  MILK 

From  a  chemical  analysis  of  milk  no  traces  could  be  found 
of  the  transmission  of  phenolphthalein,  calomel,  senna,  or 
rhubarb  ;  aloin  was  found  to  be  transmitted,  but  in  small 
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amounts.  Cascara  was  found  to  be  transmitted  and  to  have 
a  laxative  effect.^’^ 

EFFECT  OF  MENSTRUATION  ON  QUALITY 
OF  THE  MILK 

It  has  been  recognized  for  some  considerable  time  that 
some  breast-fed  infants  exhibit  vague  intestinal  disturbances 
at  the  times  corresponding  to  menstruation  in  the  mother.^"^ 
In  my  experience,  some  lo  per  cent  of  breast-fed  infants 
show  some  departure  from  normal,  varying  from  peevishness 
and  restlessness  to  vomiting  on  the  first  day  of  a  menstrual 
period  of  the  mother.  The  appetite  is  reduced  in  some 
infants  so  that  it  is  not  surprising  that  these  record  less  than 
average  gains  in  weight  during  that  week.  Many  of  my 
cases  that  exhibited  these  signs  showed  the  most  marked 
effects  during  the  first  menstrual  period  after  pregnancy. 

A  number  of  attempts  have  been  made  to  identify  the 
substances  present  in  milk  responsible  for  these  disturb¬ 
ances. 

Silber^'^  found  the  choline  content  of  the  milk  was  sub¬ 
stantially  increased  at  this  time.  Mommsen  and  Eltz^'® 
examined  the  effect  of  human  milk  on  the  growth  of  shoots 
of  lupines  and  observed  that  milk  secreted  during  menstruation 
checks  the  growth  of  the  shoots,  which  grow  normally  when 
the  intermenstrual  milk  is  added  to  the  nutrient  medium. 
Steinert  and  Papp^^^  found  that  the  diastase  content  of  human 
milk  decreased  during  menstruation.  These  workers  failed 
to  find  either  pituitary  or  ovarian  hormones  in  the  milk 
secreted  during  the  menses. 

Although  a  number  of  changes  have  been  noted  in  the 
milk  secreted  by  some  women  during  menstruation,  it  must 

be  accepted  that  the  problem  is  far  from  solved  at  the  present 
time. 

PHYSICAL  PROPERTIES  OF  MILK 
HYDROGEN-ION  CONCENTRATION 

The  hydrogen-ion  concentration  of  human  milk  has  been 
found  to  vary  between  7-0  and  7-6,  with  a  mean  of  7-2 
whilst  that  of  fresh,  normal,  cow’s  milk  is,  on  the  average, 
6-6.  Thus  human  milk  is  more  alkaline  than  cow’s  milk 
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THE  BUFFER  CONSTITUENTS 

Some  of  the  constituents  of  milk  act  collectively  as  ‘  buffers’, 
that  is,  they  have  the  capacity  to  act  as  either  an  acid  or  a 
base  and  operate  to  conserve  the  pW  of  the  milk  and  obliterate 
rapid  changes  in  when  either  an  acid  or  an  alkali  is  added 
to  the  milk.  The  proteins,  citrate,  phosphate,  and  bicarbonate, 
are  the  principal  buffers. 

Cow’s  milk  contains  about  three  times  the  weight  of  these 
buffer  substances  as  does  human  milk  and  this  means  that 
approximately  three  times  as  much  acid  would  be  required 
to  change  the  of  cow’s  milk  through  a  given  range  as 
would  be  required  for  the  same  volume  of  human  milk. 

Buchanan  and  Peterson^"®  have  shown  that  cow’s  milk  may 
be  diluted  with  water  up  to  30  per  cent  of  its  volume  without 
appreciably  changing  the  buffer  value. 


FAT  GLOBULES 


A  considerable  amount  of  work  has  been  done  on  the  size 
of  fat  globules  of  human  and  cow’s  milk.  The  globules  in 
the  fine  emulsion  of  human  milk  measure  from  o-ooi  mm.  to 
O’Oi  mm.  Those  in  cow’s  milk  lie  within  the  same  range, 
but  there  are  usually  more  of  the  larger  particles  in  cow’s 
milk.  The  size  of  the  globules  in  cow’s  milk  is  affected  by 
a  number  of  factors,  including  the  following  : 

I.  Breed  of  cow— Jersey  and  Guernsey  breeds  give  a 
milk  in  which  the  globules  are  larger  than  those  in  other 


breeds.  ,  ,  ,  , 

2.  Lactation  period — the  size  of  the  globules  decreases 

with  advance  in  lactation.  ,  ,  1 

3  The  type  of  foodstuffs  consumed — smaller  globules  arise 

from  feeding  dry  foods,  whilst  succulent  foods  tend  to  yield 

4.  Individuality  of  cow— some  of  the  breeds  other  than 
Jersey  and  Guernsey  may  throw  a  single  heifer  which  has  a 
milk  with  a  high  percentage  of  larger  globules 

The  size  of  the  globule  is  important  in  digestion,  for  t 
law  of  mass  action  operates  inversely  as  the  diameter  of  a 
sphere  A  high  percentage  of  large  globules  in  the  milk  nm 
affea  ihe  profei/film  as  well  as  the  fat,  for  more  protem  .s 
adsorbed  on  to  fat  globules  when  they  are  smaller. 
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It  is  easy  to  understand  that  an  infant  who  has  difficulty 
in  digesting  fat  may  suffer  from  indigestion  when  given  a 
milk  containing  a  high  percentage  of  large  globules  and  yet 
manage  satisfactorily  a  milk  in  which  the  majority  of  the 
globules  were  small. 

The  size  of  the  globule  affects  the  type  of  curd  formed  in 
the  stomach.  Milk  with  large  globules  tends  to  form  a  tougher 
curd  than  untreated  milk  with  small-sized  globules. 

Treatment  of  milk  by  homogenization  reduces  the  size  of 
the  fat  globules  ;  thus  in  the  reconstituted  dried  milks  or 
infant’s  foods  the  fat  globules  are  mainly  small. 

THE  COAGULATION  OF  MILK 

The  coagulation  of  milk  occurs  as  the  result  of  the  action 
of  a  proteolytic  enzyme  or  by  the  development  of  lactic  acid 
following  the  growth  of  lactose-fermenting  organisms.  In 
infant  feeding  the  former  process  occurs  in  the  stomach  as  a 
result  of  the  action  of  pepsin.^®®  Text-books  frequently 
imply  that  in  the  infant’s  stomach  this  takes  place  as  the  result 
of  the  action  of  rennin  (a  proteolytic  enzyme  normally  found 
only  in  the  stomach  of  calves  and  kids).  Wolman,i®^  in 
a  recent  review,  has  pointed  out  that  rennin  has  never 
been  demonstrated  in  the  human  stomach  at  any  age. 
Coagulation  of  a  similar  nature  is  readily  effected  by 
pepsin  which  has  a  maximal  effect  at  pW  5-2!;,  which  is 
almost  identical  with  the  optimal  pW  for  rennin  action,  viz. 

p\\  5-35.180 

In  the  process  of  coagulation,  casein  is  converted  to  para¬ 
casein  and  in  clotting  entangles  the  milk  fat.  The  formation 
of  the  clot  prevents  the  milk  from  leaving  the  stomach  rapidly 
and  this  permits  the  prolonged  action  of  the  gastric  enzymes, 
and  it  also  develops  in  the  infant  a  sense  of  fullness  and 
comfort  at  the  conclusion  of  the  meal. 

I'he  curd  or  clot  formed  in  an  infant’s  stomach  from 
undiluted,  untreated  cow’s  milk  is  of  a  different  character  from 
that  produced  from  human  milk.  The  former  is  large  and 
tough  and  tends  to  form  as  a  single  mass,  whilst  the  latter 
forms  as  minute  flocculent  granules.  The  most  important 
factor  responsible  for  this  difference  is  the  quantity  and 
character  of  the  casein.  It  has  been  shown  that  for*  cow’s 
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milk  the  curd-tension*  of  different  samples  is  a  linear  function 
of  the  casein  content  and  can  be  calculated  from  the  casein- 
nitrogen  content.'*® 

This  difference  between  human  and  cow’s  milk  was  recog¬ 
nized  in  the  latter  part  of  the  last  century,  and  since  then  many 
treatments  have  been  used  to  break  up  the  curd  of  cow’s 
milk  : — 


1.  The  dilution  with  water  lowers  the  curd-tension  in 
proportion  to  the  casein  content. 

2.  The  boiling  of  milk,  even  momentarily,  reduces  the 
curd-tension  by  30  per  cent  and  the  clot  is  in  the  form  of 
finer  particles. 

3.  The  addition  of  a  weak  acid,  which  acts  by  altering  the 
pH,  thus  reducing  the  effectiveness  of  the  action  of  the  pro¬ 
teolytic  enzyme,  pepsin,  for  which  the  optimal  pH  is  5'25> 
produces  fine  curds.  Acids  such  as  lactic  and  citric  will  also 
form  curds  by  themselves,  and  by  adding  gradually  to  cold 
milk  and  stirring  well  a  fine  curd  is  formed  in  vitro  before 
feeding. 

4.  The  addition  of  a  weak  alkali,  e.g.,  lime-water,  sodium 
bicarbonate,  sodium  citrate,  results  in  a  finer  curd.  This 
procedure,  however,  has  the  disadvantage  of  increasing  the 
buffer  value  and  delays  the  digestive  action  of  pepsin,  so  that 
all  the  milk  may  leave  the  stomach  without  the  pepsin  having 
commenced  digestion  of  the  protein. 

5.  The  dilution  with  cereal  waters,  such  as  barley-water 
and  starch  mucilage  ;  the  colloidal  film  formed  on  the  surface 
of  initial  curds  prevents  coalescence  of  small  curds  to  form 

a  large  one.  ,  .  1  .. 

6  Homogenization  of  milk:  If  milk  is  submitted  at  a 

temperature  of  ifis"  F.  to  a  pressure  of  2000  Ib/sq.  in.,  the 
fat  globules  are  broken  up  into  finer  globules  and  the  protein 
is  redispersed  over  their  surface.  This  increased  dispersion 
leads  to  a  finer  curd.  Homogenization  is  frequently  an  ear  > 
stage  in  the  preparation  of  dried  milks,  which  are  usua  > 
pasteurized  and  homogenized  before  being  ^ 

Thus  it  is  that  some  brands  of  dried  whole  milk  “d  mos 
brands  of  infant  foods  give  a  fine-curd  milk  when  reconstituted. 

.  r„rd  lenstonTTn  expression  of  the  physical  charaweT^rf  the  curd. 
ScTrtvicrLvi  been  developed  to  measure  curd-lens, on. 
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In  modern  infant-feeding  practice  it  is  customary'  to  ensure 
a  fine  curd  formation  in  cow’s  milk  mixtures  by  subjecting 
the  milk  to  one  or  more  of  the  above  procedures. 

SUMMARY  AND  CLINICAL  APPLICATION 

By  natural  design  human  milk  should  be  the  ideal  food 
for  the  young  infant.  However,  for  this  to  be  so,  it  is  essential 
that  the  nutritional  state  of  the  mother  should  be  satisfactory. 

1  lere  the  term  ‘  good  nutrition  ’  is  used  in  its  widest  sense, 
implying  a  state  of  good  health  or  fitness,  the  culmination  of 
the  effects  of  adequate  quantities  of  the  right  kinds  of  food 
over  a  long  period  of  time,  adequate  rest  and  exercise  in 
surroundings  that  will  ensure  the  maintenance  of  satisfactory^ 
physical  and  especially  mental  health.'  When  all  these  con¬ 
ditions  are  not  fulfilled  the  effect  upon  the  health  and  physical 
well-being  of  the  lactating  women  may  be  such  as  either  to 
reduce  the  quantity  of  milk  secreted  or  to  change  its  composi¬ 
tion  or  both. 

Human  milk  is  not  a  product  of  constant  composition  ; 
it  has  been  shown  that  the  concentration  of  most  nutrients 
may  be  within  a  range  of  values.  For  most  constituents  the 
range  is  narrow  and  the  upper  and  lower  limits  for  each 
nutrient  are  much  the  same  in  the  majority  of  women.  How¬ 
ever,  in  some  women  the  range  for  one  or  more  constituents 
is  wide  ;  in  others  the  range  has  moved  upwards,  and,  again, 
in  others  shows  a  shift  downwards.  For  some  nutrients, 
especially  a  number  of  the  water-soluble  vitamins,  whilst 
the  upper  limits  of  the  range  seem  to  be  fixed,  the  lower  may 
approach  zero. 

The  existence  of  a  range  within  which  the  value  for  a 
specific  nutrient  in  the  milk  from  an  individual  woman  will 
lie  is  the  normal  arrangement.  The  width  and  position  of 
the  range  seems  to  be  peculiar  to  each  woman.  Thus, 
whilst  the  milk  from  the  majority  of  women  will  be  more  or 
less  uniform  as  far  as  the  majority  of  the  constituents  are 
concerned,  some  women  secrete  a  milk  persistently  low  or 
high  in  one  or  more  nutrients  and  these  individual  departures 
from  the  mode  cannot  be  greatly  altered  by  any  normal 
procedure.  1  hus  there  is  an  individualistic  factor  which 
influences  the  composition  of  human  milk.  The  nutrients 
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most  likely  to  be  affected  by  this  factor  are  fat,  protein,  and 
calcium. 

The  level  of  each  nutrient  or  its  precursor  in  the  blood 
passing  through  the  mammary  gland  will  determine  whether 
the  amount  of  the  nutrient  present  in  the  milk  is  at  the  upper 
or  lower  limit  of  the  range  characteristic  for  the  woman. 
A  number  of  factors  affect  the  level  of  nutrients  in  the  blood. 
Perhaps  the  most  important  is  the  adequacy  of  the  maternal 
diet  on  the  day  or  days  preceding.  The  nutrients  most 
likely  to  fluctuate  in  the  blood  through  a  badly  balanced 
diet  are  some  of  the  water-soluble  vitamins,  which  are  not 
stored  to  any  extent  in  the  maternal  tissues. 

The  supply  of  nutrients  from  the  alimentary  canal  is, 
however,  supplemented  from  reserves  built  up  in  the  maternal 
tissues  during  pregnancy,  providing  that  the  diet  was  adequate 
then.  Nitrogen  and  many  of  the  minerals  are  stored  during 
pregnancy  in  amounts  far  beyond  the  immediate  needs  against 
the  greater  demands  of  lactation.  When  the  maternal  body 
has  been  starved  over  a  long  period  the  reserves  may  be  almost 
completely  exhausted  and  the  quantity  of  nutrients  contributed 
from  this  source  small. 

The  mammary  gland  is  an  equal  competitor  with  other 
maternal  tissues  for  nutrients  and  has  available  for  milk 
svnthesis  that  proportion  of  the  total  nutrients  in  the  blood 
pool  represented  by  the  fraction  of  blood  that  flows  through 
the  mammary  arteries.  Consequently  wTen  the  maternal 
tissues  as  a  whole  suddenly  have  a  high  demand  for  nutrients, 
as  for  example,  when  the  metabolic  rate  rises  in  fever,  the 
quantity  available  for  the  mammary  gland  will  fall  in  propor¬ 
tion  to  the  magnitude  of  the  enhanced  demand  of  the  materna 
tissues.  Extra  physical  exertion  by  the  mother  on  one  ay 
may,  for  the  same  reason,  reduce  the  supply  of  tn.lk  or  the 
concentration  of  one  or  more  nutrients  on  that  and  the  sub- 

''n^’p^ceding  paragraphs  attention  has  been  drann  to 
the  effects^  of  a  number  of  factors  upon  the  composition  of 
humak  milk  and  the  presence  of  regulatory  mechanisms 
in  the  mammary  glands  to  keep  the  concentration  of  the 
majority  of  nutrients  within  certain  limits  has  been  d'scussed 
Srthl  supply  side  the  quantities  of  nutrients  available  for 
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the  synthesis  of  milk  may  be  restricted,  the  resultant  reaction 
of  the  mammary  gland  is  to  reduce  the  quantity  of  milk 
produced,  keeping  the  composition  in  the  main  within  the 
limits  characteristic  of  the  individual  woman.  I  his  is  the 
explanation  of  the  reduced  supply  of  breast  milk  in  fever 
states  and  gross  malnutrition.  It  might  also  explain  the 
failure  of  lactation  for  no  obvious  cause  in  some  women. 

Thus  it  seems  that,  whatever  the  circumstances,  the  concen¬ 
tration  of  most  nutrients  does  not  fall  below  certain  levels  ; 
Nature’s  remedy  is  to  limit  the  quantity  and  endeavour  to 
maintain  the  quality.  Milk  from  the  majority  of  well-nourished 
women  is  fairly  uniform  in  composition,  but  it  must  be  appre¬ 
ciated  that  occasionally  that  from  a  particular  mother  may 
be  low  or  high  in  a  nutrient,  whilst  inadequate  maternal 
diet  will  greatly  alter  the  composition,  especially  the  amounts 
of  the  vitamins  and  some  minerals. 

The  approximate  average  intake  of  various  nutrients  by  a 
breast-fed  infant  at  different  ages  is  shown  in  Table  XXV 1 11. 
It  must  be  appreciated  that  these  average  values  are  based  upon 
the  average  composition  of  human  milk,  with  the  exception 
of  the  figures  for  vitamins  which  are  expressed  as  a  range. 
The  concentration  of  the  proximate  constituents  and  minerals 
(with  the  possible  exception  of  iodine)  in  human  milk  tends 
to  be  constant,  and  marked  variations  from  the  mode  being 
due  as  a  rule  to  characteristics  inherent  in  the  particular 
woman.  The  concentration  of  vitamins,  however,  and  iodine 
are  subject  to  wide  fluctuations  influenced  principally  by 
maternal  diet. 

I  he  figures  in  Table  XXVIII  are  based  upon  an  average 
milk  intake  of  2^  oz.  per  lb.  body-weight.  It  is  our  experience 
that  if  the  intake  falls  much  below  this,  the  infant  is  miserable 
and  fails  to  gain  weight  at  the  average  rate  for  infants  of  that 
age.  Again,  an  occasional  infant  may  make  satisfactory 
progress  on  a  milk  intake  of  2\  oz.  per  lb.  body-weight,  but 
these  are  the  exceptions. 

These  figures  can  be  used  as  a  guide  for  the  artificial  feeding 
of  infants,  providing  the  basic  differences  between  human 
and  cow’s  milk  are  taken  into  account.  For  example,  the 
absolute  figures  for  protein  are  of  limited  value,  primarily 
because  the  important  items  in  nitrogen  metabolism  are  the 
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Table  XXVIII. — Average  Daily  Intake  of  Nutrients  of  Breast-fed 
Infants  of  Various  Ages  based  upon  Average  Figures  for  Human 
Milk  and  a  Milk  Intake  of  2\  oz.  per  lb.  per  day 


Age  of  Infant  in  Weeks 


Nutrient 


Protein  g. 

1 

6*5 

Fat  g.  , 

33  1 

Lactose  g.  | 

42  1 

Calcium  mg. 
Phosphorus 

182  ^ 

i 

mg. 

Magnesium 

91 

mg. 

Potassium 

33  ! 

mg. 

340 

Sodium  mg. 

39 

Chlorine  mg. 

225  1 

Sulphur  mg. 

65  1 

Iron  mg. 

,  0-65  1 

Copper  mg. 

i  1 

Iodine  (Ag. 

Total  vitamin 

:  '^5 

1 

7-6 

38 

50 

215 

107 

38 

399 

46 

274 

76 

0-77 

0-46 

77 


8-7 

43 

57 

243 

122 

43 

452 

52 

313 

87 

0-87 

0-52 

87 


16 


9-7 

48 

63 

270 

135 

48 

503 

58 

350 

97 

0-97 

0-58 

97 


26 


1 1-6 
58 
76 
326 

163 

58 

605 
70 
418 
1 16 

i-i6 

0-70 

116 


I 

1150-4400 

i  59 
I 80-400 
430-2152 


1350-5138  1530-5822 
92  104 

215-475  243-539 
506-2530  573-2867 


1700-6478  2046-7792 
1 16  174 

271-599  325-721 

638-3190  767-3846 


A  activity 

i.u. 

Thiamine  [ug. 

Riboflavin  jAg. 

Niacin  [ig- 

Ascorbic  acid 
mg. 

Vitamin  D 

i.u. 

Vitamin  K 
D.G.  units 


amino-acids,  and  a  cow’s  milk  mixture  should  aim  to  supply 
amino-acids  in  the  same  concentration  as  they  are  present  m 
human  milk  and  not  match  the  total  protein  fipre. 

A  comparison  between  the  composition  of  human  and 

cow’s  milk  is  given  in  Table  XXIX.  The  “f 

these  figures  will  be  discussed  in  greater  detail  in  Chapters  X 

“"r  ^as  been  recognized  for  nearly  a  hundred  years  that  infants 
fed  full-strength,  untreated  cow’s  milk  suffered  from  gastro- 
[mesfinal  disfurbances  and  that  the  morta.i^ 

higher  than  milk  has  been 

nTm blr^Jf  ^:;':r::S!:ding  the  higher  mineral 
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Table  XXIX. — Comparison  of  Composition  of 
Human  Milk  and  Cow’s  Milk 


{Expressed  per  lOO  c.c.) 


Nutrient 

Human  Milk 

Pooled  Cow’s  Milk 

Protein 

g- 

I* 

S’S* 

Fat 

g- 

5 

3’5 

Lactose 

g- 

6-5 

4‘4 

.■\sh 

g- 

0-2 

075 

Calcium 

mg. 

28 

120 

Phosphorus 

mg. 

14 

102 

Magnesium 

mg. 

5 

1 2 

Potassium 

mg. 

52 

140 

Sodium 

mg. 

6 

40 

Chlorine 

mg. 

36 

115 

Sulphur 

mg. 

10 

30 

Iron 

mg. 

O-I 

0-2 

Copper 

mg. 

006 

003 

Iodine 

mg. 

10 

o-4-i6-ot 

Vitamin  A 

i.u. 

170-670 

140 

Thiamine 

l^g- 

9-15 

35 

Riboflavin 

l^g- 

28-62 

150 

Niacin 

l^g- 

66-330 

85 

Ascorbic  acid 

mg. 

2-6 

— 

Vitamin  D 

i.u. 

2-18 

1-4 

Vitamin  K 

D.G. 

units 

0-200 

2 

Vitamin  E 

mg. 

0-9 

o-i 

•  The  amino-acid  concentrations  are  of  greater  importance  than  the  actual  proteins. 
A  comparison  of  the  amino-acid  values  of  human  milk  and  cow’s  milk  will  be  found  in 
Tables  A’ 17,  A’ 17//,  and  XIX. 

t  The  iodine  content  of  cow’s  milk  depends  greatly  on  the  nature  of  the  feeding  employed. 

concentration,  the  higher  protein,  the  different  physical  and 
chemical  character  of  the  fat,  but  it  is  now  recognized  that 
the  causal  factor  is  the  quality  of  the  curd.  For  cow’s  milk 
to  be  a  satisfactory  food  for  infants,  it  is  necessary  to  modify 
the  curd.  This  can  be  accomplished  in  a  number  of  ways. 
Further  aspects  of  the  modification  of  cow’s  milk  will  be 
discussed  in  Chapter  XI. 
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PART  IV.  SOME  ASPECTS  OF  THE  PHYSIOLOGY 

OF  THE  INFANT 


Chapter  VII 


DIGESTION  IN  THE  YOUNG  INFANT 


During  foetal  life  the  tissues  are  nourished  by  the  ultimate 
products  of  digestion,  obtained  preformed,  in  a  simple  form, 
from  the  mother  via  the  placenta.  The  oxygen  requirements 
are  met  in  the  same  way.  The  end-products  of  catabolism 
are  during  foetal  life  excreted  through  the  placenta.  Thus 
at  birth  the  circulating  system  and  the  tissues  generally  have 
had  experience  and  have  established  the  functions  they  will 
perform  in  post-natal  life. 

However,  the  respiratory,  digestive,  and  urinary  systems 
having,  for  practical  purposes,  had  no  previous  experience, 
must  within  a  short  space  of  time  be  ready  to  assume  functions 

similar  to  those  found  in  the  adult. 

This  chapter  wdll  be  devoted  to  a  consideration  of  the 
physiological  factors  that  influence  the  quantity  and  the 
chemical  and  physical  character  of  the  food  that  the  newTorn 
and  young  infant  is  capable  of  ingesting,  digesting,  and 
absorbing.  It  will  be  shown  that  apart  from  inherent  limita¬ 
tions  in  the  infant,  the  degree  of  maturity  at  birth  and  post¬ 
natal  development  (age)  are  tw’o  important  factors  determining 
the  food-handling  capacity  of  the  infant. 


SUCKING  AND  SWALLOWING 
Sucking  in  the  newborn  infant  is  a  reflex  action,  the  centre 
for  which  is  in  the  medulla.*  It  is  generally  agreed  that  a 
weak  sucking  action  is  due  to  immaturity  of  the  reflex  centre 
and  not  to  muscular  weakness.  Sucking  improves  in  strength 
with  age  as  the  reflex  path  and  muscle  deve  op.  It  wel 
recognized*.  ™  that  the  sucking  reflex  is  poorly  develope  in 
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premature  infants,  largely  because  of  incomplete  development 
of  the  nervous  reflex  path.  Muscle  fatigue  plays  a  part. 
Many  premature  infants  will  suck  well  at  the  beginning  of  a 
feed  and  cease,  through  exhaustion,  before  their  nutritional 
needs  are  satisfied. 

Hunger  lowers  the  threshold  for  stimuli,  thus  it  is  that 
sucking  is  strongest  at  the  beginning  of  a  nursing  period. 
The  reduction  in  strength  toward  the  end  of  a  feed  is  related 
to  the  fullness  of  the  stomach  and  in  the  young  infant,  who  is 
incapable  of  discrimination,  is  a  protective  mechanism  against 
overfeeding.  Clinical  experience  shows  a  wide  range  of  both 
strength  and  duration  of  the  sucking  reflex  at  each  feed,  and 
it  must  be  conceded  that  many  poor  suckers  are  handicapped 
structurally  by  a  poorly  developed  or  easily  fatigued  nerve 
reflex  path.  For  this  reason  it  is  often  not  possible  to  help 
these  infants  acquire  better  sucking  actions. 

Swallowing  can  apparently  occur  as  early  as  the  fifth  month 
of  fcetal  life^  and  is  as  a  rule  well  developed  in  the  neonatal 
full-term  infant.  There  is  no  evidence  that  the  swallowing 
reflex  is  any  different  from  that  in  adults  it  is  related  to  the 
sucking  reflex.  To  prevent  a  disaster  they  must  be  closely 
co-ordinated.  In  the  premature  infant  swallowing  is  also 
poorly  developed. 

Windle^  states  that  taste  is  developed  at  birth,  but  it  is 
doubtful  if  the  differentiation  betw'een  sour,  salt,  and  bitter 
is  well  formed  at  this  time.  Discrimination  appears  to  be 
well  developed  by  the  end  of  the  first  year,  but  it  has  not 
been  demonstrated  at  what  age  it  becomes  critical.  Babies 
unaccustomed  to  it  tend  to  refuse  sour-tasting  lactic-acid 
milk  if  offered  after  the  third  month. 

Some  idea  of  the  rate  at  which  these  sensations  are  acquired 
can  be  obtained  from  a  study  of  the  development  of  the 
functions  of  the  mouth.  The  newborn  infant  will  only 
swallow  if  food  reaches  the  back  of  the  mouth  ;  the  sucking 
reflex  draws  milk  into  the  throat,  from  whence  it  is  swallowed. 
Aldrich^  has  pointed  out  that  somewhere  about  the  third  or 
fourth  month  the  infant  acquires  considerable  control  over 
the  movements  of  the  tongue,  associated  no  doubt  with  the 
development  of  critical  tactile  sense.  When  semi-solid  food 
IS  offered  on  a  spoon  after  this  age,  as  the  lips  open,  the  tongue 
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comes  forward  and  takes  the  food,  passing  it  to  the  throat, 
from  whence  it  is  swallowed. 


GASTRIC  DIGESTION 

Gastric  Capacity. — Henderson,  who  studied  the  capacity 
of  the  stomach  of  a  large  number  of  infants  by  radiography, 
showed  that  the  capacity  varies  widely  as  between  infants 
and  also  in  the  same  infant  from  time  to  time.®  The  stomach 
is  a  hollow  viscus  with  an  elastic  wall  that  is  capable  of 
extension.  After  the  first  20-30  c.c.  the  stomach  of  an 
infant  can  be  apparently  full.  However,  the  walls  will  stretch 
when  additional  fluid  is  given,  always  giving  the  appearance 
of  being  full.  Whilst  there  is  an  upper  limit  to  the  capacity 
of  the  stomach,  this  also  is  not  fixed,  for  Henderson  has 
noted  that  when  an  infant  cries  during  feeding  the  stomach 
may  become  four  to  five  times  the  size  seen  when  it  contains 
but  2  oz.  of  barium  meal.  The  increased  size  is  due  to  air 
swallowed  during  crying. 

From  clinical  experience  it  is  apparent  that  the  rate  at 
which  the  stomach  is  filled,  and  thus  the  rate  at  which  the 
wall  is  stretched,  is  more  significant  than  the  ultimate  size 
reached  It  frequently  happens  that  when  an  infant  obtains 
a  meal  rapidly,  i.e.,  4-5  oz.  in  three  minutes  by  vigorous 
sucking  at  a  full  breast  from  which  the  milk  flows  easilys 
it  is  uncomfortable  for  some  time  afterwards.  The  rapidly 
stretched  walls  exert  an  undue  pressure  upon  the  food,  some 
of  which  is  forced  back  and  the  child  possetts. 

A  limited  number  of  observations  have  been  made  of  the 


actual  capacity  at  various  ages 


In  these  cases  the  intake  on 


dav  of  life  ranged  from  ao  to  75  ex.  There  were  no 
indications 'that  the  20  c.c.  was  the  maximuni  quantity  that 
hrstomach  would  have  held.  Intake  on  the  first  day  is 
influenced  by  many  factors,  of  which  sucking  force  is  an 

'TTa's^vestigated,  the  amount  of  food  ingested  in  the 
five  or  six  feeds  (i.e.,  apparent  capacity  of  the  «omach)  ro 

on  the  third  day  to  benveen  350  and  420  C.C.  The_cap  ) 

of  the  stomach  steadily  increases  with  a^y^oing  age. 

^  ^  _ Phvsiologists  are  indebted  to  Henaer 
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motility  in  the  newborn  infant.  He  concluded  that  the  most 
outstanding  features  are  the  complete  lack  of  uniformity  and 
the  relative  absence  of  peristalsis.  Henderson’s  studies 
suggest  that  the  wall  of  the  stomach  is  in  a  state  of  mild 
contraction  most  of  the  time  and  that  the  contents  of  a  meal 
passes  into  the  duodenum  owing  to  this  constant  squeezing 
action®  associated  with  the  unpredictable  relaxation  of  the 
pylorus.  A  complete  absence  of  movement  during  sleep  was 
noted— yet  the  stomach  was  apparently  emptying  during  this 
time. 

Emptying  Time. — In  the  neonatal  and  young  infant  the 
stomach  empties  slowly,  more  slowly  in  the  former  than  at 
any  other  time.  Whilst  the  maximum  amount  of  food  leaves 
the  stomach  in  the  two  hours  following  the  meal,®  food  (barium 
meal)  has  frequently  been  noted  as  long  as  six  hours  after  a 
meal.  In  the  young  infant  it  frequently  happens  that  all  food 
has  not  left  the  stomach  before  the  ingestion  of  the  next  meal. 
The  second  meal  stimulates  emptying  of  the  stomach,  and 
thus  three-hourly  feeding  has  this  advantage  in  the  manage¬ 
ment  of  feeble  neonatal  infants. 

The  type  of  food  will  influence  emptying  time,  the  most 
important  factor  being  the  character  of  the  milk  curd.  In 
general  a  fine  flocculent  curd  will  leave  the  stomach  sooner 
than  a  large,  tough  curd. 

Secretion  of  Gastric  Juice. — According  to  Windle,^  the 
glands  of  the  stomach  have  developed  by  the  fourth  to  fifth 
month  of  foetal  life  and  hydrochloric  acid  and  pepsin  can  be 
demonstrated  in  the  glands  and  stomach  contents  thereafter. 
The  active  principals  of  gastric  juice  are  pepsin,  cathepsin, 
hydrochloric  acid,  and  lipase.  Although  it  is  frequentlv 
stated  in  text-books  that  the  gastric  juice  of  the  infant  contains 
rennin,  there  is  a  complete  absence  of  scientific  data  for  con¬ 
firmation  of  this  statement.  Undoubtedly  the  error  originally 
arose  from  the  belief  that  as  rennin  coagulates  milk  in  the 
stomach  of  the  calf  and  kid  it  must  be  the  factor  responsible 
for  the  coagulation  in  the  human  infant.  It  will  be  shown 
that  coagulation  in  the  human  is  effected  by  pepsin. 

Pepsin.— This  is  secreted  before  birth  and' is  present  in  the 
gastric  juice  of  the  neonatal  and  young  infant.  Pepsin  acts  on 
proteins  at  the  peptide  linkages®  to  produce  peptides.  The 
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optimum  hydrogen-ion  concentration  for  proteolytic  activity 
is  about  2  when  casein  is  the  substrate.^  As  the  pW 
rises  the  activity  decreases,  so  that  it  is  completely  absent  in 
pW  7.  As  the  pW  of  the  stomach’s  content  is  increased 
under  the  action  of  hydrochloric  acid,  pepsin  becomes  effective 
when  the  reaches  4. 

In  addition  to  its  proteolytic  activity,  pepsin  is  also  the 
coagulation  factor  in  the  infant’s  stomach.  The  optimal  pW 
for  the  enzymatic  change  of  casein  to  paracasein  (coagulation) 
by  pepsin  is  5'25.^ 

Wolman®  states  that  there  is  no  satisfactory  evidence  which 
shows  the  concentration  of  pepsin  in  infants  of  different  ages. 

Cathepsin.—\n  1940  Buchs  and  Freudenbergio-i^  announced 

that  data  justified  the  conclusion  that  another  proteolytic 

enzvme  was  present  m  gastric  secretion.  Its  presence  had 

been  suspected  for  a  number  of  years.  This  enzyme,  kno^^n 

as  cathepsin,  has  a  maximum  activity  at  /)H  4*7.  Freudenberg 

and  Buchs^^  compared  the  digestion  of  milk,  as  indicated  by 

the  increase  in  the  residual  nitrogen  when  incubated  with 

pepsin  at  pW  2  and  with  cathepsin  at  pH  4-7.  The  mean 

values  (expressed  as  mg.  per  100  c.c.)  of  nitrogen  released  for 

the  fifty-four  infants  studied  were 

Pepsin  =  46‘5  i  3’26 
Cathepsin  =  27-4  ±  2-07 


These  figures  suggest  that  cathepsin  has  about  50  per  cent 
the  proteolytic  activity  of  pepsin.  For  several  infants  the 
cathepsin  figures  exceeded  those  of  pepsin.  Cathepsin  ^^l 
attack  both  casein  and  lactalbumm,  but  is  ineffective  m  the 

coagulation  of  milk.  .  .  .  , 

In  view  of  the  levels  of  pH  of  the  milk  m  young  infants 

stomachs  {see  below)  it  is  apparent  that  much  “f  prote^ 
lytic  activity  of  gastric  juice  upon  milk  is  due  to  cathepsin 

"wvXSriW.-This  is  secreted  in  fetal  life  undoubtedly 
in  vS  small  amounts  and  is  present  in  the  gastric  secretions 
of  Tost  Tnfants.  A  limited  number  of  investigations  have 
beermade  into  the  quantity  of  acid  secreted  in  infancy  and 
the  meagre  data  available  suggests  that  hydrochloric  ac 
Iredon  is  not  fully  established  in  the  young  '.nfant^ 
Miller^"  has  studied  the  fasting  gastric  acidity  in  in 
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during  the  first  month  of  life.  The  average  free  acidity  fell 
from  i7"2  c.c.  (X/io  HCl  per  lOO  c.c.  juice)  on  the  first  day 
of  life  to  nil  on  the  eighth.  It  reappeared  on  the  thirteenth 
day  and  rose  slowly  to  the  end  of  the  first  month.  The  total 
acidity  followed  the  free  acidity  curve. 

Miller  could  not  find  any  relationship  between  fasting 
gastric  acidity  and  weight  progress  of  the  infant  during  the 
first  ten  days  of  life.  He  concluded  that  high  gastric  acidity 
was  not  essential  for  the  maintenance  of  regular,  normal 
weight  increments.  In  the  interpretation  of  Miller’s  work  it 
must  be  appreciated  that  fasting  juice  is  the  secretion  of 
glands  during  rest,  together  with  saliva  and  secretion  of  the 
mucous  membrane  of  the  pharynx  and  oesophagus.  Some  of 
the  free  acid  will  be  neutralized  by  the  buffer  action  of  these 
other  secretions.  Furthermore,  the  type  of  secretion  of  the 
stomach  at  rest  may  not  be  any  indication  of  the  nature  of  the 
response  that  occurs  when  food  enters  the  stomach. 

Wolman-^  studied  the  pW  of  gastric  contents  after  a  meal 
of  milk  in  a  young  infant  (one  to  two  months  old),  in  older 
infants  six  to  eleven  months  old,  and  in  children.  Wolman’s 
results  are  reproduced  in  Fig.  7.  The  outstanding  features  of 
these  results  are  : — 

a.  The  almost  constant  pR  of  the  gastric  contents  over  a 
period  of  one  and  one-half  hours  after  the  ingestion  of  the 
meal  in  the  young  infant,  compared  with  the  infants  six  to 
eleven  months  old. 


b.  The  relatively  low  amount  of  total  aciditv  over  the  same 
period. 

Both  these  observations  strongly  support  the  statement 
made  by  other  workers^^-is  that  the  secretion  of  hydrochloric 
acid  IS  low  in  young  infants  and  that  the  amount  increases 
as  the  infant  nears  its  first  birthday,  and  even  by  that  age  it 
has  not  reached  the  amount  of  secretion  in  older  children. 

Lipase.~A  number  of  workers^s-as  consider  that  the 
stomach  does  produce  a  lipolytic  enzyme  of  weak  potencv. 
The  optimum  pll  for  its  activity  is  4-5.  This  enzvme  is 
not  to  be  confused  with  the  lipase  present  in  both  human  and 
cows  milk  {see  p  116)  for  it  has  been  recovered  from  fasting 
ps  ric  juice-  and  appears  to  be  constantly  present  throughout 
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Secretion  in  Premature  Infants. — Workers  who  have 
studied  the  secretion  of  gastric  juices  in  neonatal  premature 
infants  have  reported  that  the  activity  of  the  ferments  was 
much  less  than  that  found  in  full-term  infants  ;  also  that  the 
activity  varied  more  in  premature  infants  than  in  mature 
infants. 

Seylfarth^^  found  the  acidity  low  in  premature  infants,  and 
it  was  not  until  they  were  about  four  months  of  age  that  the 
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figures  reached  those  found  in  full-term  infants  of  the  same 

“^Werner,"  using  a  histological  technique,  found  con¬ 
siderably  fewer  pepsinogen  granules  in  the  gastric  mucous 
membrane  of  premature  infants  than  in  full-term  infants. 
Digestion  within  the  Stomach.— In  the  normal  infan, 

"  r-r:  ■  'Sr  H 

high  buffer  value.  The  resting  gastric  fluid  ma> 
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some  hydrochloric  acid,  but  in  general  it  is  too  small  in  amount 
to  have  an  appreciable  effect  on  the  pW  of  the  food  eaten  and 
any  changes  must  depend  upon  the  gastric  juice  secreted  after 
the  food  is  eaten.  Some  time  must  elapse  before  sufficient 
juice  will  have  been  secreted  to  produce  any  appreciable  effect 


pH  50- 


Time  in  hours  affer  ingesNon  of  meal. 


•  f  hydrogen-ion  concentration  of  stomach  contents  of 

^  /row  results  of  a  number 

of  investigations  by  various  authors.)  ' 

on  the  /)H.  T  he  rate  at  which  the  hydrogen-ion  concentra¬ 
tion  changes  depends  not  only  upon  the  amount  of  hydro¬ 
chloric  acid  secreted,  but  also  upon  the  buffer  value  of  the 
food. 

A  number  of  workers^’.  24.  31-33  have  studied,  in  infants  of 
ifferent  ages,  the  changes  in  hydrogen-ion  concentration  of 
the  stomach  contents  at  var>dng  intervals  after  the  ingestion 
of  the  meals  of  breast  milk  and  cow’s  milk. 
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It  has  been  observed^'^  that  in  most  infants  the  maximum 
acidity  is  reached  about  one-and-a-half  hours  after  the  inges¬ 
tion  of  the  meal  and  remains  at  that  level  for  about  an  hour. 
The  range  of  hydrogen-ion  concentration  even  at  the  point  of 
maximum  pYi  is  considerable,  due  to  individual  variations. 
The  results  of  a  number  of  observations^®”^^  have  been  used 
to  develop  the  graph  in  Fig.  8,  which  shows  the  observed 
range  of  hydrogen-ion  concentration  in  infants  given  breast 
milk  and  cow’s  milk.  The  difference  between  cow’s  milk 
and  human  milk  is  important  and  must  be  considered  again 
when  the  action  of  the  enzymes  is  discussed. 

Marriott  and  Davidson^’  studied  the  hydrogen-ion  con¬ 
centration  of  the  gastric  contents  after  both  breast  milk  and 
cow’s  milk  meals  in  infants  who  were  extremely  under¬ 
nourished  ;  most  were  suffering  from  or  were  convalescent 
from  chronic  debilitating  diseases— for  example,  otitis  media, 
pyelitis,  osteomyelitis.  The  hydrogen-ion  concentration  two 
hours  after  the  ingestion  of  the  meal  of  breast  milk  was  found 
to  lie  between  pW  4  majority  around  5* 

This  finding  suggests  that  in  disease  conditions  the  gastric 
secretion  is  impaired.  This  affects  digestion,  which  in  turn 
contributes  to  the  malnutrition.  Thus  a  vicious  circle  is 

created. 

The  hydrogen-ion  concentration  of  the  stomach  contents 
in  an  infant  is  the  result  of  a  number  of  factors  : 

a.  Age  of  infant ; 

b.  Time  after  ingestion  of  meal ; 

c.  Inherent  secretory  capacity  of  gastric  glands  ; 


d.  Nature  of  meal. 

With  reference  to  the  last  factor,  numerous  workers  ha\e 
drawn  attention  to  the  effects  of  various  types  of  modificat.on 
of  cow’s  milk  upon  the  subsequent  hydrogen-ion  concentra¬ 
tion  of  the  stomach  contents.  The  results  of  a  number  of 
observations  have  been  used  in  the  preparation  °  9; 

It  will  be  observed  that  in  general  cows  milk  mixtures 
have  a  high  hydrogen-ion  concentration  and  that  breast  mi  - 
and  lactic-acid  milk  mixtures  result  in  a  pH  about  4. 

The  next  stage  in  the  digestion  process  is  t  e  V”" 

of  the  milk.  This  commences  to  take  place  as  the  p 
1  conteU  is  falling.  The  optimal  pH  for  the  coagulating 
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action  of  pepsin  is  5-25,  but  some  coagulation  would  occur 
before  this.  Wolman^'  has  pointed  out  that  in  the  absence 
of  acid,  pepsin  can  produce  a  large  soft  “  coarse-grained 
curd”  at  the  p\\  of  cow’s  milk,  namely  6-6.  Infants  will 
often  vomit  large  curds  shortly  after  feeding. 


Ftg.  9.— Effects  of  various  milk  mixtures  on  the  hydrogen-ion 
concentration  of  stomach  contents. 


In  most  infants  intragastric  coagulation  is  achieved  by  the 
simultaneous  action  of  acid  and  pepsin.  Wolman-^  has  stated 
that  the  p\\  of  the  stomach  contents  “  exerts  a  strong  influence 
on  the  chemical  nature  as  well  as  the  phvsical  state  of  the 
curds  which  form  ”.  In  a  study  of  gastric  digestion  made  on 
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children,  he  found  that  the  coagulation  times  ranged  from 
eight  to  fifty-two  minutes.  In  this  series  he  used  either 
homogenized  or  pasteurized  cow’s  milk.  I  have  been  unable 
to  locate  any  studies  made  of  the  range  of  coagulation  time 
in  infants  fed  on  breast  milk. 

Protein  digestion  in  the  stomach  will  commence  when  the 
hydrogen-ion  concentration  of  the  contents  enters  the  zones 
in  which  the  two  proteolytic  enzymes  are  active.  The  maxi¬ 
mum  activity  of  cathepsin  and  pepsin  are  pYi  4-7  and  pW  2 
respectively.  The  range  of  activity  is  fairly  wide,  for  pepsin 
becomes  active  at  pY\  4,  whilst  cathepsin  could  be  expected 
to  commence  activity  at  pYi  5*5.  Thus  protein  digestion  by 
cathepsin  would  commence  at  about  the  same  time  as  the 
milk  is  coagulated  and  would  proceed  as  the  pW  falls.  Meals 
of  both  cow’s  milk  mixtures  and  human  milk  would  be  sub¬ 
jected  to  the  action  of  cathepsin,  which  has  already  been 
shown  to  have  about  50  per  cent  of  the  activity  of  pepsin. 
However,  it  is  doubtful  if  much  digestion  by  pepsin  occurs  in 
cow’s  milk  mixtures,  nor  in  about  one-third  of  the  infants 
fed  on  breast  milk.^’ 

Some  digestion  of  the  fat  of  milk  may  occur  in  the  stomach 
of  some  infants.  As  each  fat  globule  is  surrounded  by  a 
protein  envelope,  digestion  of  the  fat  presumably  cannot  occur 
before  the  disassociation  of  the  protein  from  the  fat.  As  this 
protein  is  different  from  the  other  proteins  of  milk  and 
nothing  is  known  of  its  digestion,  it  is  not  possible  to  state 
at  this  time  whether  sufficient  digestion  occurs  to  alter 
materially  the  hydrogen-ion  concentration  of  the  gastric 
contents  by  the  liberation  of  fatty  acids. 

THE  SECRETION  OF  BILE 

Bile  is  secreted  by  the  liver  of  the  embryo,^  whilst  it  is 
found  in  the  duodenum  of  the  newborn  before  the  ingestion 

of  a  meal.^^ 

v/  (^PANCREATIC  DIGESTION 

Secretion  of  Pancreatic  Enzymes.— Pancreatic  enzymes 
have  been  demonstrated  in  the  duodenum  m  the  fourth 
month  of  foetal  life.^  In  a  study^^  of  unfed  newborn  infants, 
trypsin  and  lipase  were  found  to  be  present  m  most  specimens. 
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whilst  amylase  occurred  in  about  25  per  cent.  In  the  majority 
of  cases  only  small  amounts  of  duodenal  fluid  were  obtained. 

A  more  extensive  study  was  made  by  Klumpp  and  Neale®^ 
of  the  duodenal  contents  of  infants  and  children.  Their 
observations  are  of  interest.  Amylolytic  enzyme  activity  was 
e.xcessively  low  in  the  first  year,  with  a  sudden  rise  after  the 


1*3  monfhs 


3*12  monlhs 
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end  of  the  first  year.  Lipolytic  activity  is  also  low  in  infancy 

lytic  ™tivhv"d  ■'  The  proteo- 

l)tic  activity  during  infancy  was  high:  of  about  the  same 

erner,  by  means  of  a  histological  techninne  2  l... 

demonstrated  the  cells  of  the  pancreas  of  the  full-teTm  infam 
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to  be  well  supplied  with  zymogen  granules,  in  contrast  to  the 
almost  complete  absence  of  granules  in  the  premature  infant. 

DIGESTION  IN  PREMATURE  INFANTS 

Fat. — Gordon  and  McNamara®^  have  demonstrated  that 
many  premature  infants  excrete  excessive  amounts  of  faecal 
fat.  From  studies  made  on  the  nature  of  this  excessive  faecal 
fat,  it  is  apparent  that  this  is  not  due  to  defective  fat-splitting 
mechanisms,^*^  but  is  probably  associated  with  interference 
with  absorption  from  the  intestine. 

Protein. — The  studies  by  Levine  and  Gordon^®  {see  Table 
XXX)  suggest  that  digestion  and  absorption  of  protein  is 
not  impaired  in  the  premature  infant.  This,  however,  is  not 
confirmed  by  the  observation  of  ]Magnusson,^'“  who  found 
that  premature  infants  given  casein  hydrolysate  gained  weight 
much  more  rapidly  than  infants  given  either  human  milk  or 
unhydrolysed  casein.  This  is  the  experience  of  a  number  of 
paediatricians  in  Australia. 


Table  XXX. — Absorption  of  Nitrogen  by  Premature  Infants 


Average  Protein  Intake 
(Grammes  per  kilo  per  24  hr.) 

Coefficient  of  Digestibility  per  Cent* 

Average 

Range 

2-8 

4-8 

9-1 

88 

84-92 

91 

93 

87-94 

Dietary  Nitrogen — Fscal  Nitrogen  ^ 

*  Coefficient  of  Digestibility  —  Dietary  Nitrogen 

absorption  of  nutrients 
All  nutrients  must  be  in  a  suitable  form  before  they  can 
pass  from  the  lumen  through  the  outer  membrane  of  the  cell 
Ling  the  .ntestine.  As  eaten,  some  nutrients,  for  example 

ascorbic  acid  and  sodium  chloride  are  "‘''^Lers 

pass  through  the  free  border  of  the  mtestma  tva  1.  Others 

Uke  fat  and  protein,  being  more  complex 

broken  down  by  digestive  enzymes  prior  ‘  ^n 

enzymatic  phase  has  already  been  f '  “"^LLients 

in  infLts  aL  children,  for  it  is  not  necessary  to  review  all 
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nutrients,  as  once  the  enzymatic  phase  is  completed  many 
pass  through  the  intestinal  wall  in  an  uninterrupted  manner. 
This  is  the  story  of  the  products  of  digestion  of  the  proteins 
and  carbohydrates  and  most  of  the  minerals  and  vitamins. 
The  absorption  of  fat,  calcium,  iron,  and  carotene  calls  for 
special  mention. 

Absorption  of  Fat. — d’he  process  by  which  fat  passes 
through  the  intestinal  wall  is  still  obscure.  I'wo  hypotheses 
have  been  developed  to  explain  the  steps.  One,  the  lipolytic, 
states  that  by  the  action  of  the  lipolytic  enzymes  dietary  fat 
is  hydrolysed  in  the  intestine  into  fatty  acids  and  glycerol, 
in  which  forms  the  fat  passes  through  the  intestinal  wall.^® 
The  other,  the  partition  hypothesis,  suggests  that  some  fat 
undergoes  hydrolysis  in  the  upper  part  of  the  small  intestine, 
but  that  the  remainder  becomes  emulsified  there  into  particles 
less  than  0-5  p  in  diameter.  The  products  of  partial  hydro¬ 
lysis  are  essential  for  the  completion  of  the  emulsification 
stage.^' 

The  other  main  difference  in  the  two  hypotheses  is  the 
method  by  which  the  fat  passes  through  the  intestinal  wall. 
It  has  been  suggested^^®  that  the  fatty  acids  pass  through  the 
wall  in  some  water-soluble  form  by  the  simple  process  of 
diffusion  through  a  semipermeable  membrane.  Under  the 
partition  hypothesis  it  is  claimed  that  the  small  particles  of 
fat,  being  less  than  0‘5  p  in  diameter,  can  pass  through  the 
small  canals  which  have  been  shown  to  exist  in  the  free 
border  of  the  cells  lining  the  intestinal  lumen. Liquid 
paraffin,  if  reduced  to  sufficiently  small  particles,  can  be 
absorbed  by  intestinal  cells  in  this  way.  As  yet  there  is  not 
sufficient  evidence  to  allow  a  decision  to  be  made  in  favour 
of  either  or  both  methods  of  absorption. 

The  observations  which  have  been  made  on  the  fat  meta¬ 
bolism  of  mature  and  premature  infants  are  important. 
A  number  of  workers^^.  have  shown  that  a  relatively  wide 
ranp  exists  in  the  percentage  of  dietary  fat  absorbed  bv 
ealthy  full-term  infants  fed,  approximatelv,  the  same  weight 
of  tat  per  k.lo  of  body-weight.  This  suggests  variability  in 
the  effectiveness  of  the  absorption  mechanism.  It  has  further 
een  demonstrated  that  premature  infants  absorbed  con- 
si  erably  less  fat  than  full-term  infants  of  the  same  age.^^,  4o,  4i 
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Gordon  and  McNamara^®  were,  however,  convinced  that 
imperfect  absorption  by  premature  infants  was  not  due  to 
inadequate  digestion  of  fat  by  lipolytic  enzymes. 

These  studies  have  shown  a  marked  variability  in  the 
development  of  some  structure  or  function  associated  with 
the  absorption  of  fat.  The  premature  infant  shows  a  more 
marked  defect,  with  greater  variability  than  the  full-term 


infant. 

Absorption  of  Calcium  and  Phosphorus. — A  consider¬ 
able  number  of  studies  have  been  made  of  the  calcium  and 


phosphorus  metabolism  of  infants  and  children^^  and  the 
problem  has  been  the  subject  of  several  reviews.^^-^®  From 
these  a  number  of  facts  have  emerged  : — 

1.  The  absolute  calcium  and  phosphorus  retention  by 
infants  and  children  of  the  same  age  bears  a  direct  relationship 
to  the  amount  ingested.  Thus  it  is  that,  in  general,  infants 
fed  on  undiluted  cow’s  milk,  appropriately  treated  to  give  a 
fine  curd  in  the  infant’s  stomach,  retain  up  to  twice  as  much 
calcium  as  breast-fed  infants  of  the  same  age.  The  calcium 
intake  of  the  former  is  up  to  three  times  greater. 

2.  The  percentage  of  the  intake  retained  varies  widely  in 
infants  of  the  same  age,  whether  hreast-fed  or  artificially  fed. 
The  range  of  retention  has  been  found  to  vary  from  10  to 


80  per  cent  of  intake. 

3.  Providing  that  the  infant  is  adequately  supplied  with 
vitamin  D,  the  actual  percentage  retention  seems  to  be  char¬ 
acteristic  for  each  infant— that  is,  it  is  not  possible  to  increase 
the  percentage  retention  beyond  the  apparent  maximum,  even 
though  it  be  only  30  per  cent,  by  any  known  means. 

4.  Because  the  absolute  intake  of  calcium  increases  with 
age,  so  absolute  retention  increases,  but  the  average  per¬ 
centage  retention  does  not  increase.  The  summarized  resu 
of  1647  calcium  metabolism  experiments^  show  the  follow¬ 
ing  mean  percentage  retentions  for  infants  of  various  ages 


Under  2  months 
2-  4  months 
4-  6  months 
6-  8  months 
8-10  months 


31- 4  per  cent 

32- 2  per  cent 
31-1  per  cent 
30-5  per  cent 
35-4  per  cent 


Also  the  percentage  retentions  in  the  same  infant  are  fairly 
constant  with  increasing  3ge. 


149 


digestion  in  the  young  infant 

5.  Conflicting  results  have  been  reported^^,  54  of  the  cal¬ 
cium  retention  by  premature  infants.  Some  workers  found 
the  percentage  less  and  more  variable  than  in  mature  infants 
of  the  same  age,  and  others^^  found  it  to  be  greater  and  the 
variability  less. 

Any  study  of  the  factors  responsible  for  the  absorption  of 
calcium  and  phosphorus  is  complicated  by  the  fact  that  from 
0'3  g.  to  0-8  g.  calcium  is  secreted  daily  in  the  intestinal 
juices.^^  Much  of  this  calcium  is  reabsorbed,  but  in  diar¬ 
rhoea  a  high  percentage  is  lost,  resulting  in  a  negative 
balance. 

Although  calcium  and  phosphorus  are  present  in  food  in 
both  organic  and  inorganic  forms,  absorption  almost  certainly 
occurs  in  the  inorganic  form,  probably  largely  as  calcium 
phosphate.  This  inorganic  salt  is  soluble  in  an  acid  medium. 
Evidence  shows  that  those  factors  which  increase  the  acidity 
of  the  contents  of  the  jejunum  and  ileum  increase  the  absorp¬ 
tion  of  calcium  and  phosphorus.  Thus  high-protein  diets, 
which  liberate  amino-acids,  and  a  high-fat  diet,  which  by 
emulsification  hydrolysis  produce  fatty  acids, are  associated 
with  an  increased  percentage  retention  of  calcium  and 
phosphorus.  Lactose,  whether  because  it  forms  a  complex 
compound  with  calcium  or  because  of  the  formation  of 
lactic  acid,  has  been  shown  to  increase  the  calcium  retention 
in  children.®^ 

In  some  way,  as  yet  not  understood,  vitamin  D  controls 
the  absorption  of  calcium.  There  is  apparently  an  optimal 
level  of  tissue  saturation  for  vitamin  D  which  can  be  developed 
m  infants  through  sun  exposure.  Any  additional  vitamin  D 
by  mouth  does  not  increase  the  vitamin-D  activity  within  the 
body.  Thus  the  calcium  retention  of  infants  who  had  been 
gi\en  regular  sun  exposure  could  not  be  increased  bv  orallv 
administered  vitamin  D.-*® 

The  action  of  vitamin  D  is  on  the  absorption  of  calcium 
alone,  any  effects  upon  the  retention  of  phosphorus  being 

secondar\',  m  that  it  passes  through  the  intestinal  wall  with 
the  calcium.®^ 

The  presence  in  food  of  compounds  which  form  insoluble 
salts  with  calcium  reduce  the  retention  of  calcium.  Amongst 
these  are  phytic  acid,  which  is  present  in  relatively  large 


150  INFANT  NUTRITION 

amounts  in  whole-grain  cereals,  and  some  organic  acids, 
especially  oxalic. 

These  known  facts  do  not,  however,  explain  either  the 
variation  in  percentage  retention  of  calcium  from  child  to 
child  or  the  relatively  low  over-all  absorption. 

Absorption  of  Iron. — It  is  now  generally  accepted  that 
in  the  normal  individual  iron  is  not  excreted  either  by  the 
gut  or  kidneys  except  in  small  insignificant  amounts.  Within 
the  body  iron  is  used  and  re-used  and  the  addition  of  large 
amounts  to  the  body  stores  is  only  necessary  after  severe 
blood-loss,  during  pregnancy  and  lactation,  and  during 
growth.  In  order  to  prevent  the  accumulation  of  iron  within 
the  body  a  barrier  has  been  developed  in  the  intestine  to  limit 
absorption.  The  manner  in  which  this  barrier  works  is  not 
clear  ;  however,  the  following  facts  have  emerged  from  the 
large  amount  of  experimental  work  that  has  been  carried  out 
in  this  field  : — 

1.  Ferrous  salts  are  absorbed  more  rapidly  than  ferric. 
Contrary  to  the  statements  frequently  made,  McCance  and 
his  co-workers®^  found  that  ferric  salts  were  absorbed,  but  less . 
efficiently  than  the  ferrous. 

2.  An  acid  phase  in  the  stomach  and  duodenum  is  essential 
for  absorption.  The  hydrochloric  acid  of  the  gastric  juice 
apparently  renders  the  iron  salts  soluble,  for  in  the  presence 
of  achlorhydria  the  assimilation  of  iron  is  diminished.®® 

3.  Absorption  takes  place  in  the  duodenum,  less  in  the 
jejunum,  and  still  less  in  the  ileum.®’  Under  normal  condi¬ 
tions  the  duodenal  contents  have  a  pU  about  6-5.®’ 

4.  The  amount  of  iron  absorbed  is  determined  by  the  body 
needs— for  example,  following  a  severe  haemorrhage  in  patients 
with  bleeding  peptic  ulcers  the  absorption  might  amount  to 
20  per  cent  of  the  intake,  whereas  in  a  healthy  adult  it  may 

not  exceed  i  per  cent.®® 

c.  The  presence  in  the  stomach  and  duodenum  ot  tree 
phosphorus  or  phytic  acid  may  interfere  with  the  absorption 
of  iron.  It  was  formerly  thought  that  these  substances  formed 
absolute  barriers  to  absorption,  but  McCance  and  others  have 
recently  demonstrated  that,  although  these  compounds  reduce 
the  amount  of  iron  absorbed,  the  reduction  was  small  and  an 
appreciable  quantity  of  iron  was  still  absorbed  when  given 
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with  phytic  acid.  Phosphates  also  interfered  with  the  absorp¬ 
tion,  but  their  reduction  was  not  so  great  as  those  of  the 
phvtic  acid.®^ 

The  presence  of  phosphates  in  milk  appear  to  have  slight 
or  no  effect  upon  the  absorption  of  the  limited  amount  of  iron 
present  in  this  food.  Stearns  and  Stinger®^  demonstrated 
that  the  phosphate  content  of  cow’s  milk  did  not  affect  the 
iron  retention,  for  they  found  that  the  phosphorus  intake 
could  be  increased  from  200  to  1000  times  the  iron  intake 
without  effect  upon  the  iron  retention. 

6.  As  a  result  of  their  experimental  work,  two  groups  of 
workers'®’  have  advanced  the  following  hypothesis  to 
explain  the  actual  mechanism  of  iron  absorption. 

The  cells  of  the  intestinal  mucosa  contain  an  iron-protein 
compound — which  they  believe  to  be  ferritin.  The  con¬ 
centration  of  ferritin  in  the  cells  depends  upon  the  level  of 
iron  in  the  serum  and  the  amount  of  iron  available  for  absorp¬ 
tion.  If  the  level  of  serum-iron  is  high,  as  for  example  in 
normal  male  adults  who  have  enjoyed  an  adequate  diet  for  a 
long  time  and  who  have  not  had  any  serious  blood-loss  or  as  in 
subjects  with  pernicious  anaemia,'-  there  is  little  or  no  with- 
dra\\al  of  iron  from  the  cells  of  the  intestinal  mucosa  and 
consequently  little  or  no  iron  enters  those  cells  from  the 
lumen.  Undoubtedly  this  is  not  the  whole  Storys  nor  is  the 
mechanism  as  simple  as  this,  for  it  is  the  experience  of  quite 
a  few  investigators®^,  ^2  that  serum-iron  values  rise  shortly 
after  a  large  dose  of  a  ferrous  iron  salt.  This  suggests  that 
the  ‘  head  of  pressure  ’  of  iron  in  the  intestinal  lumen  is  also 
an  important  factor.  It  is  possible  that  a  balance  is  main- 
tamed  between  the  average  iron  content  of  the  contents  of 
the  duodenum,  as  represented  by  the  food  eaten,  and  the 
iron  content  of  the  serum. 


7*  In  infants  and  children  there 


.  '  .  .  — uncic  lb  a  constant  demand  bv 

he  growmg  t.ssues  for  iron,  and  hence  it  might  be  expected 
hat  a  negative  pressure  would  exist  on  the  serum  side  of 

If  i  orbrl^^r-  r-'"’  the  absorption 

ot  iron  by  the  intestinal  mucosa.  ^ 

Absorption  of  Carotene.-The  work  of  Van  Zeben’^  on 
carotene  absorption  has  thrown  doubt  on  the  ability  of  young 
infants  to  absorb  this  substance.  He  found  that  limited 
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amounts  of  carotene  were  absorbed  by  infants  of  12  months 
or  less,  and  concluded  as  a  result  of  his  work  and  from  a 
review  of  the  literature  that  carotene  probably  does  not 
function  as  a  provitamin  for  young  infants. 

This  conclusion  must  be  taken  along  with  the  actual 
observation  of  Almond  and  Logan.  They  reported  a 
breast-fed  infant  aged  2  months  who  was  suffering  from 
carotenaemia  as  revealed  by  “  carroty  ”  coloured  skin.  The 
mother  had  eaten  “a  lot  of  carrots  ”  during  pregnancy  and 
lactation.  The  carotene  had  apparently  been  excreted  freely 
in  the  milk  and  a  considerable  percentage  had  been  absorbed 
by  the  infant.  At  least  this  infant  was  capable  of  absorbing 
more  than  the  average  amount  of  carotene. 

INTESTINAL  FLORA 

The  organisms  that  normally  inhabit  the  intestines  have 
created  much  interest,  which  has  been  increased  in  recent 
years  by  the  discovery  that  some  of  the  vitamin  requirements 
of  man  are  provided  by  synthesis  by  the  normal  intestinal 
flora. 

The  digestive  tract  of  the  newborn  infant  is  sterile.'^ 
Within  a  day  or  so,  bacteria  have  already  appeared  in  the 
meconium,  and  as  soon  as  this  is  replaced  by  infantile  motions 
they  appear  in  considerable  numbers.  According  to  Kendall'® 
the  predominating  organism  is  B.  bifidiis,  a  Gram-positive 
anaerobic  bacillus.  In  addition,  the  Gram-negative  bacilli 
B.  lacti  aerogenes  and  B.  coli  are  also  found  in  appreciable 
numbers  in  breast-fed  infants.  These  three  organisms  are 
carbohydrate-fermenting,  converting  lactose  to  lactic  acid. 
Another  normal  inhabitant  is  B.  acidophilus,'^  while  Gram¬ 
negative  and  Gram-positive  cocci  (including  diplococci, 
streptococci,  and  single  cocci)  have  been  recorded  in  the 
feces  of  neonatal  infants. All  the  above  forms  have  been 
noted  throughout  the  first  year, but  the  predominating 
organism  varies,  influenced  by  the  nature  of  the  food. 
B.  coli  is  present  in  large  numbers  in  artificially-fed  infants, 
whilst  B.  bifidus  and  B.  acidophilus  predominate  in  breast¬ 
fed  infants.'® 

In  a  recent  review  of  the  synthesis  of  the  B  vitamins  by 
intestinal  bacteria,'^  it  was  reported  that  B.  coli  and  B.  lacti 
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aerogenes  have  been  found  to  synthesize  thiamine,  riboflavin, 
nicotinic  acid,  and  biotin  in  pure  media,  whilst  B.  bifidus  has 
synthesized  thiamine  in  pure  media.  The  synthesis  of  nico¬ 
tinic  acid  and  biotin  is  important,  for  this  is  probably  the 
principal  source  of  these  vitamins. 

\'itamin  K  is  another  important  vitamin,  a  high  percentage 
of  which  is  almost  certainly  supplied  by  synthesis  by  intestinal 
bacteria.  Dam  and  others®®  failed  to  find  vitamin  K  in  the 
faeces  of  breast-fed  infants  before  the  twelfth  day,  but  small 
amounts  were  found  in  the  faeces  of  artificially  fed  newborn 
infants.  This  difference  is  thought  to  be  due  to  the  diflference 
in  intestinal  flora.  B.  coli  has  been  found®®*  ®^  to  synthesize 
far  more  vitamin  K  than  B.  acidophilus  and  B.  bifidus. 


SUMMARY  AND  CLINICAL  APPLICATIONS 

The  ability  of  the  neonatal  and  young  infant  to  digest  and 
absorb  food  depends  upon  the  degree  of  development  of  the 
enzyme  systems.  An  important  accessory  factor  is  the 
mechanism  for  controlling  the  emptying  time  of  the  stomach, 
which  in  turn  is  partly  influenced  by  the  changes  that  occur 
in  food  eaten. 

The  gastric  enzymes  bring  about  the  coagulation  of  milk, 
the  nature  of  the  curd  depending  upon  the  form  in  which  the 
casein  is  present.  Human  milk  produces  a  fine  grained  curd, 
while  that  from  untreated  whole  cow’s  milk  is  large  and 
tough.  When  appropriately  treated,  cow’s  milk  produces  a 
fine  curd.  The  fine  curds  allow  the  digestive  enzymes  to 
mix  intimately  with  the  food  and  permit  the  food  to  leave  the 
stomach  at  a  slow  regular  rate.  The  large  tough  curds  prevent 
both  these  actions  and  lead  to  true  indigestion. 

In  the  full-term  normal  infant,  the  enzymes  secreted  bv 
the  various  parts  of  the  gastro-intestinal  tract  are  adequate  to 
bring  about  the  digestion  of  protein  and  the  simple  sugars 
and  a  limited  amount  of  fat.  ”  ’ 

Amylolytic  enzyme  activity,  although  poorlv  developed  in 
thhf?  f"'  rnoiKhs  of  life,  increased  in  amount  from  the 
third  to  fourth  month  onward.  From  this  age  onward  the 
infant  can  digest  increasing  amounts  of  starch. 

“'1  sugars  easily 

and  probably  fats  as  well  as  full-term  infants.  '  ’ 
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Absorption  of  the  digestion  products  of  most  nutrients  pro¬ 
ceeds  satisfactorily  in  normal  full-term  infants  ;  fat  is  the 
most  important  exception.  While  digestion  is  probably  com¬ 
plete,  even  in  premature  infants,  some  factor  or  factors 
operate  to  reduce  the  amount  of  fat  absorbed.  This  is  more 
marked  in  premature  infants. 

Absorption  of  calcium,  phosphorus,  and  iron  is  controlled 
by  a  number  of  factors,  including  the  actual  level  of  intake. 
In  general,  the  higher  the  intake  the  greater  the  amount 
absorbed. 
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Chapter  VIII 

WATER  METABOLISM 


Water  is  the  most  important  component  of  living  tissue.  It 
is  the  medium  in  which  all  reactions  take  place  and  it  is 
continuously  being  taken  up  and  secreted  or  excreted  by 
most  of  the  tissues  of  the  body. 

The  water  in  the  body  can  be  divided  into  two  fractions  : — 

1.  Intracellular  water,  which  is  the  basic  component  of  the 
cytoplasm  of  cells.  Apart  from  the  organic  material  dissolved 
in  this  fluid,  it  contains  a  high  concentration  of  potassium, 
magnesium,  and  phosphorus. 

2.  Extracellular  water,  which  is  found  in  two  sites  : — 

a.  The  vascular  portion,  in  the  blood-vessels, 

b.  The  extravascular,  being  the  fluid  in  the  intercellular 

spaces. 

The  distribution  of  the  body  fluid  between  these  three 
regions  varies  at  different  ages,  as  the  following  figures  show 

(from  Stearns  ).  Water-percentage  Distribution 

Age  Intracellular  Extracellular 

24  weeks  foetus  .  .  27-5  58 

32  weeks  foetus  ..  29  5^ 

Birth  weight  .  .  3^  43 

Adult  ....  41  20 


The  newborn  infant  has  been  likened  to  an  cedematous 
adult  because  it  contains  about  twice  the  percentage  of  extra¬ 
cellular  fluid  as  does  the  adult.  It  is  for  this  reason  that  the 
skin  of  the  newborn  infant  contains  21  per  cent  of  the  total 
body  water  whereas  that  of  the  adult  only  contains  9  per  cem. 

During  the  post-natal  period  changes  are  effected  m  the 
distribution  of  water  between  the  intra-  and  extracel  u  ar 
fractions,  and  there  is  an  absolute  reduction  in  the  amount  o 

extracellular  fluid.  These  changes  will 

greater  detail  when  the  ‘  physiological  ’  loss  of  weight  of  th 

newborn  is  discussed.  _  ••  a 

The  correct  balance  of  fluid  within  the  body  is  maintained 

largely  by  the  kidneys,  which  adjust  the  water  content  and 
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the  concentration  of  electrolytes  to  the  losses  through  other 
paths  in  relation  to  the  over-all  consumption.  Before  dis¬ 
cussing  disturbances  in  this  balance  and  their  effect  upon 
water  metabolism  and  the  subsequent  health  of  the  infant, 
some  aspects  of  the  physiology  of  the  organs  through  which 
fluid  is  lost  will  be  considered. 

THE  KIDNEY 

At  birth  the  two  kidneys  weigh  about  22*5  g.  (f  oz.).  This 
weight  is  doubled  in  the  first  six  months  and  trebled  at  one 
year.-  The  increase  is  thus  parallel  to  the  gain  in  weight  of 
the  whole  infant. 

During  foetal  life  there  is  a  regular  development  of  renal 
tubules  and  glomeruli,  during  this  time  there  being  some 
14  to  18  generations  of  the  latter.  The  appearance  of  the 
final  generation  occurs  towards  the  end  of  foetal  life.  Potter^ 
sets  the  division  between  the  mature  and  immature  kidney  at 
about  35  weeks’  gestation.  Thus  some  premature  infants 
are  required  to  put  into  function  a  structurally  immature 
kidney. 

The  glomerulus  which  is  formed  by  the  invagination  of  the 
end  of  a  tubule  by  a  loop  of  capillaries  is  thus  covered  by  two 
layers  of  the  tubule,  the  inner  being  adherent  to  the  capillaries 
and  the  other  forming  an  outer  wall  to  the  capsule  ;  the  space 
between  these  two  layers  leads  directly  into  the  tubule.  In  the 
youngest  glomeruli  the  cells  of  the  inner  layer  are  tall  columnar 
epithelium.  As  the  glomerulus  grows  these  cells  flatten  out 
and  are  spread  more  thinly  over  the  surface,  so  that  in  places, 
if  not  over  the  whole  of  the  surface,  the  capillaries  are  covered 
by  the  basement  membrane  only.  Gruenwald  and  Popper^ 
maintain  that  at  birth  this  inner  layer  ruptures,  allowing  both 
the  expansion  of  the  capillaries  and  also  the  freer  secretion  of 
fluid  into  the  tubules. 

In  the  normal  full-time  infant  the  development  of  the 
kidney  is  structurally  complete  and  all  subsequent  increase 
in  size  results  from  enlargement  of  the  tubules  and  glomeruli 
already  present.^  This  growth  in  size  is  preceded  during  the 
first  part  of  the  first  year  of  life  by  histological  changes  in  the 
cells  covenng  the  glomeruli  and  by  changes  in  the  activity  of 
the  cells  of  the  tubules.  ^ 
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According  to  the  modern  theory  of  renal  function,  urine  is 
formed  by  three  processes — protein-free  fluid  of  the  plasma 
is  filtered  from  the  capillaries  in  the  glomerulus  through  the 
capsule  into  the  proximal  tubule  ;  as  this  fluid  passes  down 
the  proximal  tubules  selective  reabsorption  of  solutes  occurs  ; 
and  in  the  distal  tubules  water  is  reabsorbed.  Some  cells  of 
tubules  have  the  capacity  to  secrete  substances  into  the  lumen, 
and  these  pass  out  in  the  urine. 

The  final  composition  of  the  urine  will  thus  depend  upon 
the  efficiency  of  the  primary  filtering  mechanism  and  of  the 
reabsorption  process.  In  the  normal  healthy  adult  the 
reabsorbed  fluid  is  of  constant  composition  and  resembles 
Locke’s  solution. 

From  several  studies^^"^^  made  in  the  last  five  or  six  years 
it  is  apparent  that  glomerular  filtration  is  poorly  developed 
in  the  newborn  infant.  Gordon  and  his  colleagues^^’ 
found  that  urine  clearance  was  lower  in  young  infants  than  has 
been  reported  for  older  subjects.  They  also  report  that  there 
was  no  relation  between  the  rate  of  urine  flow  and  urea 
clearance.  The  fact  that  increased  fluid  intake  raised  the 
flow  of  urine  by  25—100  per  cent^^  but  was  not  accompanied 
by  an  increased  filtration  of  urea,  demonstrated  that  in  the 
young  infant  there  is  an  upper  limit  to  the  amount  of  some 
solutes  filtered  through  the  glomeruli. 

These  findings  conflict  with  those  of  McCance,^^  who  found 
that  urea  clearance  varied  with  minute-volume  of  water 
filtered  through.  The  difference  in  results  is  probably  due 
to  the  fact  that  Gordon’s  results  were  based  on  24-hour 
specimens,  and  those  of  McCance  on  specimens  passed  from 
time  to  time. 


A  group  of  French  workers^^  obtained  interesting  figures 
when  they  changed  the  diet  of  a  small  series  of  infants  2  7 
months  of  age.  They  found  that  the  blood-urea  was  lower 
in  breast-fed  infants  than  in  infants  fed  on  an  isocaloric  diet 
of  cow’s  milk  in  which  the  percentage  of  protein  was  higher. 
Data  from  two  infants  are  set  out  hereunder 


Diet 

Human  Milk  Cow’s  Milk 


Protein  intake,  g. 
Caloric  intake 
Blood-urea 


10-14 

514 

o-is 


19 

525 
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Diet 

Human  Milk  Cow’s  ^lilk 

Urine  volume,  c.c.  .  .  250  290 

Urea  in  urine,  gr./ioo  c.c.  i-35 

Chlorides  in  urine  ..  0‘23  ^■°3 

It  will  be  seen  that  the  total  quantity  of  urea  excreted  by  the 
artificially-fed  infant  was  greater  than  in  the  breast-fed  infant, 
'rhe  blood-urea  was  higher  in  the  former.  This  could  either 
have  been  due  to  failure  of  the  filtration  mechanism  to  effect 
a  full  elimination  or  be  the  evidence  of  transmission  of  greater 
quantities  of  urea  to  the  kidneys.  It  is  more  likely  to  be  the 
latter,  for  if  due  to  the  former  suggestion  the  process  would 
become  accumulative,  with  disastrous  results. 

McCance^i  has  produced  figures  which  suggest  that  glo¬ 
merular  filtration  does  not  develop  the  adult  pattern  till  well 
on  toward  the  end  of  the  first  year.  However,  more  observa¬ 
tions  need  to  be  made  on  older  infants  before  a  definite  state¬ 
ment  can  be  made  on  this  phase  of  the  subject. 

The  rate  of  reabsorption  of  water  in  the  distal  tubules  is 
influenced  considerably  by  a  hormone  secreted  by  the  posterior 
pituitary.  Heller,®  who  has  studied  the  effect  of  posterior 
pituitary  hormone  on  renal  function  in  infants,  suggests 
that  at  this  age  the  posterior-pituitary-renal  mechanism 
is  not  fully  developed  and  thus  the  tubules  function 
imperfectly. 

These  stages  in  the  structural  development  of  the  kidney 
are  characterized  by  variations  in  the  function  of  the  organ. 
During  fcetal  life  the  kidneys  excrete  small  amounts  of  a  fluid 
which  has  been  shown  to  be  dilute  urine.’  This  collects  in 
the  bladder  and  there  is  no  reason  to  believe  that  some  does 
not  spill  over  into  the  amniotic  fluid.®  That  which  remains 
in  the  bladder  becomes  concentrated,  for  the  urine  voided 
shortly  after  birth  has  a  specific  gravity  of  1010/ 12.®  At  birth 
the  bladder  may  contain  up  to  jo  c.c.  of  urine  5^®  this  is 
passed  within  a  few  hours  of  birth  and  represents  a  part  of 
the  fcetal  excretion. 

During  the  first  weeks  of  post-natal  life  the  infant  excretes 
relatively  small  amounts  of  a  pale  fluid  of  specific  gravity 
1003/4.  This  urine  is  formed  during  the  early  stages  of  the 
transition  from  fcetal  to  post-natal  structure  of  the  kidney  and 
contains  only  small  quantities  of  electrolytes. 
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Gamble“^  has  estimated  that  a  infant  requires  at  least 

lOO  ml.  of  water  per  day  to  excrete  the  waste  materials  in  the 
urine.  The  minimum  urine  volume  cannot  be  a  fixed  figure, 
but  must  depend  on  the  quantity  of  waste  material  and  super¬ 
fluous  minerals  to  be  excreted.  The  nature  of  the  feeding 
is  the  most  important  single  factor  controlling  the  amounts 
of  these  substances  to  be  excreted.  Ribadeau-Dumas^^  has 
demonstrated  {Table  XXXI)  that  the  urea  and  chlorides 
in  urine  are  much  higher  in  artificially  fed  than  breast-fed 
infants.  The  complete  absence  of  a  relationship  between  the 
concentration  of  urea  and  chloride  in  the  urine  to  the  volume 
of  the  urine  is  significant. 


Table  XXXI. — Relationship  of  the  Amount  of  Urea 
AND  Chloride  excreted  to  Protein  Intake 

{After  Ribadeaii- Dumas  and  others^^) 


Diet 

Urine 

Type 

Protein 

intake 

Water 

intake 

Volume 

Urea 

Chlorides 

gr. 

c.c. 

C.C. 

gr./Tooo  c.c. 

B.M. 

10-14 

680 

250 

1-35 

0-23 

B.M. 

10-14 

680 

300 

1-75 

0-58 

B.AI.  and  C.M. 

10-6 

431 

210 

9-0 

1-63 

C.M. 

14-85 

277 

190 

5-55 

1-63 

C.M. 

19-0 

270 

290 

8-12 

1-63 

C.M. 

22-7 

648 

230 

9-75 

2-69 

C.M. 

22-7 

658 

175 

I  i-o 

4-21 

In  the  young  infant  the  insufficiently  developed  glomerulus 
delivers  its  filtrate  at  a  low  rate,  and  the  slow  passage  of  this 
down  the  tubules  allows  for  the  reabsorption  of  electrolytes. 
The  dilute  hypotonic  fluid  is  not  reabsorbed  in  the  distal 
tubules  because  of  the  failure  of  the  posterior-pituitary-renal 
mechanism,  and  so  “  a  small  volume  of  urine  of  low  osmotic 

pressure  is  elaborated  , 

Most  of  the  work  in  this  field  has  been  done  on  infants  in 
the  first  few  weeks  of  life.  Much  more  information  on 
glomerular  filtration  as  revealed  by  inuhn  clearance  and  the 
effects  of  posterior  pituitary  extract  of  absorption  of  water 
by  the  tubules  is  required  from  infants  between  the  ages  of 

I  and  1 8  months. 
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SKIN 

Compared  with  the  adult  the  infant  has  a  considerably 
greater  area  of  skin  in  relation  to  its  weight.  Per  kilo  of  body- 
weight  the  infant  has  a  surface  area  of  700  sq.  crn.,  whilst  the 
adult  has  about  200  sq.  cm.  This  difference  is  important  in 
any  consideration  of  fluid  loss  through  the  skin.  ater 
losses  through  the  skin  are  of  two  varieties  :  (a)  Sensible  or 
visible  perspiration  or  sweat ;  {b)  Insensible  perspiration. 

Sweat. — Sweat  is  the  product  of  the  sweat-glands,  which 
come  into  action  when  the  body  temperature  rises  ;  this 
usually  occurs  when  the  environmental  temperature  rises 
about  30°  C.  The  sweat  is  evaporated  from  the  surface  of 
the  body  and  cooling  takes  place.  Sweating  also  occurs  in 
some  emotional  states,  but  it  is  doubtful  if  this  occurs  in 
young  infants.  High  fever,  however,  is  associated  with 
profuse  sweating,  and  is  an  important  avenue  by  which 
fluid  is  lost  in  the  young  infant. 

Uchino^^  observed  that  the  secretion  of  sweat  commenced 
from  the  second  to  the  eighteenth  day  in  28  out  of  57  full- 
term  infants  investigated.  In  the  others  it  did  not  appear 
until  after  the  eighteenth  day.  The  failure  to  sweat  was  due 
to  immaturity  of  the  nerve-centre  controlling  sweating  and 
not  to  inability  of  the  glands  to  secrete. 

Insensible  Perspiration. — Even  in  the  absence  of  visible 
sweat  significant  quantities  of  fluid  are  lost  to  the  body  in  the 
form  of  insensible  perspiration. 

In  a  study  of  the  effect  of  relative  humidity  on  insensible 
perspiration,  Anderson^ ^  found  that  as  the  humidity  rose  from 
17  to  92  per  cent,  the  insensible  loss  of  weight  (usuallv 
attributed  to  loss  of  water  through  the  expired  air  and  the 
skin)  decreased  linearly.  This  was,  however,  accompanied  by 
a  rise  in  body  temperature. 

Levine  and  Gordon  found  that  the  daily  loss  of  water 
through  insensible  perspiration  amounted  to  68  g.  per  kilo 
for  full-term  infants  and  41  g*  for  premature  infants. 

PULMONARY 

Expired  air  is  nearly  saturated  at  the  temperature  of  the 
body.  The  loss  of  moisture  through  this  source  will  depend 
upon  the  temperature  and  humidity  of  the  inspired  air.  It 
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follows  that  in  summer-time  with  high  atmosphere  tempera¬ 
tures,  particularly  in  the  inland  areas  of  continental  masses, 
where  the  humidity  is  low,  the  loss  of  moisture  will  be  con¬ 
siderably  greater  than  it  is  in  winter. 

ALIMENTARY  CANAL 

In  the  alimentary  canal  an  extensive  exchange  of  fluid 
occurs.  Considerable  volumes  of  water  are  secreted  into  the 
stomach  as  the  vehicles  for  the  digestive  enzymes. 

In  addition,  exchange  of  water  and  salt  takes  place  between 
the  intestine  and  the  intestinal  contents  in  the  process  of 
absorption.  Peters^®  has  discussed  in  detail  the  nature  of  the 
changes.  He  has  pointed  out  that  solutions  in  the  alimentary 
canal  tend  to  become  isotonic  with  blood-serum  during  the 
process  of  absorption.  “  A  hypertonic  solution  of  glucose 
increases  volume  by  the  addition  of  salt  and  water  until  it 
reaches  the  osmotic  pressure  of  serum  ”  ;  whilst  this  is  pro¬ 
ceeding  glucose  is  being  absorbed.  Almost  the  whole  of  the 
fluid  and  soluates  secreted  into  the  bowel  are  reabsorbed  in 
the  healthy  individual.  The  faeces  of  normal  infants  contain 
70-85  water  and  thus  may  account  for  35-100  c.c. 

daily.^^  Infants  suffering  from  diarrhoea  or  severe  vomiting 
may  lose  excessive  amounts  of  fluid,  which,  unless  corrected, 
will  lead  to  dehydration. 

Absorption  of  water  takes  place  in  both  the  small  and  large 
intestines,  insignificant  quantities  being  absorbed  from  the 
stomach.  The  water  absorbed  in  the  small  intestine  is  that 
in  which  the  products  of  digestion  are  dissolved.  In  general 
that  absorbed  from  the  large  intestine  represents  the  with¬ 
drawal  of  residual  fluid. 

Clinical  observations  suggest  that  the  large  intestine 
attempts  to  maintain  the  correct  water  balance.  I  have  fre¬ 
quently  observed  that  during  hot  weather  with  low  humidity 
infants  pass  hard,  drier  than  usual,  stools,  and  that  the 
mother  complains  that  the  child  is  constipated  or  that  it  . 
experiences  difficulty  in  passing  the  motion,  which  is  “  small 

and  hard  ”.  •  1  r  u 

It  has  been  my  experience  that  if  the  water  intake  of  these 

infants  is  increased,  these  signs  disappear  in  the  majority  of 
•  those  giving  this  history. 
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SUMMARY  OF  WATER  OUTPUT 

The  White  House  Conference^  collected  data  on  the  parti¬ 
tion  of  water  output  between  the  various  channels. 

Urine  Skin  and  Lungs  Faces  Type  of  Infant 

60  0  per  cent  33-5  per  cent  6  5  per  cent  Breast-fed 

7 1 ‘7  per  cent  25 ‘9  per  cent  2*4  per  cent  Bottle-fed 

d'he  partition  would  vary  according  to  environmental 
conditions  and  according  to  the  type  of  food  eaten.  The 
differences  between  breast-fed  and  bottle-fed  infants  will  be 
referred  to  again. 


WATER  INTAKE 

The  infant  is  entirely  dependent  upon  others  for  its  fluid 
intake  and  has  no  way  of  indicating  when  the  intake  is  adequate 
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to  meet  requirements.  In  other  words,  the  infant  cannot 
complain  when  it  is  thirsty. 

Peters, discussing  the  physiology  of  thirst,  pointed  out 
that  the  sensation  does  not  originate  in  dryness  of  the  oral 
mucous  membranes.  Experiments  on  animals  suggest  that 
fluid  is  consumed  in  response  to  the  needs  of  the  tissues  to 
maintain  the  concentration  of  the  solutes  within  the  normal 
range.  Thus  the  amount  of  water  needed  is  dictated  by  the 
concentration  of  the  sodium  ions  in  the  body. 

The  water  intake  of  the  normal  breast-fed  infant  will 
depend  largely  upon  the  amount  of  milk  consumed,  and  to 
some  extent  on  the  composition  of  the  milk.  Milk  consump¬ 
tion  is  not  constant  even  for  infants  of  the  same  age,  so  the 
water  intake  of  breast-fed  infants  will  lie  within  a  range,  the 
limits  of  which  are  shown  in  Fig.  ii. 

The  water  intake  of  artificially  fed  infants  will  depend 
upon  the  formula  used  but  in  general  is  more  definitely  known 
than  it  is  for  breast-fed  infants.  The  amount  of  water  obtained 
from  a  milk  mixture  of  specific  strength  is  shown  in  Table 
XXXIL 

It  is  customary  to  give  both  breast-fed  and  artificially  fed 
infants  extra  water  between  the  normal  feeds. 


Table  XXXIL — Water  Intake  of  Artificially  Fed  Infants 


Age 

Average  Daily 
Intake  of 
Milk  Mixture 

Cow’s  Milk 
Water  Ratio 

Water 

End  of  4th  week 

22-5 

i-i 

22  oz. 

End  of  8th  week 

27-5 

i-i 

24  oz. 

End  of  1 2th  week 

31-0 

3-2 

29  oz. 

End  of  1 6th  week 

37-0 

3-2 

34  oz. 

THE  PHYSIOLOGICAL  WEIGHT  LOSS  OF  THE 
NEO-NATAL  PERIOD 

For  many  years  now  it  has  been  recognized  that  newborn 
infants  lose  from  5  to  lo  per  cent  of  body- weight  during  the 
first  few  days  of  life.  In  general,  the  large  infant  loses  pro¬ 
portionately  more  than  the  small  one,^"  and  a  premature 
infant  loses  relatively  more  than  the  full-time  one ;  t  e 
recovery  is  generally  slower  in  the  premature.  Funda¬ 
mentally  this  loss  of  weight  is  due  to  a  negative  water  balance, 
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i.e.,  the  loss  of  water  by  all  routes  is  greater  than  the  amount 

consumed.  _  •  ir 

During  the  first  week  of  life  the  infant  has  to  adjust  itself 

to  an  entirely  new  environment.  1  he  adjustments  include 
the  acclimatization  of  the  skin  and  the  redistribution  of  water 
within  the  body  so  that  the  ratio  of  extracellular  to  intra¬ 
cellular  moves  close  to  the  adult  figures. 

In  a  percentage  of  cases  the  flow  of  breast  milk  takes  several 
days  to  become  established  and  during  this  time  the  infant  is 
losing  water.  Attempts  have  been  made  to  control  the  post¬ 
natal  weight  loss.  ^Vlost  of  these  have  been  done  on  the 
assumption  that  this  initial  loss  is  detrimental  to  the  infant. 
On  the  contrary,  it  may  actually  be  beneficial,  provided  it  is 
not  too  great. 

Sanford‘^2  found  that  complementary  feedings  did  reduce 
the  degree  of  fall  in  w'eight ;  however,  complementary  feed¬ 
ings  did  tend  to  suppress  the  secretion  of  the  breast  milk. 
In  general  paediatricians  are  not  favourably  disposed  to  the 
use  of  complementary  feeding  at  this  age. 

CLINICAL  APPLICATION 

Gamble^^  has  estimated  the  unavoidable  water  losses  of  a 

7-kg.  (i5|-lb.)  infant  to  be  : — 

Vaporization  (lungs  and  skin)  .  .  200  ml. 

Minimum  urine  .  .  .  .  .  .  loo  ml. 

300  ml. 


Surely  these  figures  are  not  fixed,  but  must  depend  upon 
climate  and  the  nature  of  the  diet.  The  essential  point  is 
that  the  fluid  requirements  of  infants  must  meet  at  least  the 
minimum  losses,  otherwise  dehydration  will  follow. 

Most  paediatricians  consider  that  the  newborn  infant  needs 
water  in  addition  to  that  supplied  by  either  the  breast  milk 
or  milk  mixture.  A  hard-and-fast  rule  cannot  be  laid  down, 
for  it  is  common  experience  that  some  infants  are  maintained 
m  perfect  health  without  additional  water.  In  a  carefully 
controlled  experiment  involving  some  70  infants,  which 
extended  over  nearly  two  years,  we  found  that  the  water 
intake  varied  from  ml  m  young  breast-fed  infants  to  8  oz  in 
artificially  fed  infants  7-8  months  old.  The  infant  is  the  best 
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judge  of  its  requirements  and  every  infant  should  be  offered 
water  at  least  twice  a  day,  more  often  in  mid  summer.  It 
must  not  be  forgotten  that  following  vomiting  and  diarrhoea 
the  requirements  will  be  increased. 

Mild  degrees  of  inadequate  water  intake  are  characterized 
by  restlessness  and  constipation.  A  depressed  fontanelle  is 
a  frequent  observation  in  these  cases. 

One  aspect  of  renal  function  has  not  been  referred  to  as 
yet.  It  relates  to  the  apparent  extra  load  thrown  upon  the 
kidneys  of  young  infants  by  artificial  mixtures  of  high  protein 
and  mineral  content.  For  many  years  it  was  claimed  by  at 
least  one  authority  on  infant  feeding  that  an  artificial  food 
with  a  protein  concentration  higher  than  1-5  per  cent  would 
lead  to  permanent  kidney  damage.  He  had  no  evidence  for 
this  assumption.  However,  in  the  light  of  modern  opinion 
the  passage  of  the  protein-free  fluid  through  the  glomerulus 
is  by  the  simple  process  of  filtration  and,  as  this  does  not 
involve  the  kidney  tissue  in  active  work,  it  is  hard  to  see  how 
an  increase  in  the  concentration  of  a  number  of  the  solutes 
would  be  detrimental. 
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PART  V.  CALORIE  AND  NUTRIENT 
REQUIREMENTS  OF  INFANTS  AND  CHILDREN 


Chapter  IX 


ENERGY  REQUIREMENTS 


In  any  consideration  of  this  subject  it  is  important  to  realize 
that  there  are  two  distinct  levels  at  which  the  energy  and 
nutrient  requirements  of  an  individual  or  group  can  be  con¬ 
sidered.  One  is  the  physiological  requirements  of  the  tissues 
for  calories  and  nutrients,  and  the  other  is  the  level  of  intake 
of  calories  and  nutrients  which  are  necessary  to  supply  the 
former.  For  some  nutrients  there  is  practically  no  difference, 
while  for  others  it  is  wide.  Where  discrepancies  exist  they 
are  due  to  the  failure  of  the  intestines  to  absorb  more  than  a 
percentage  of  the  nutrient  ingested. 

The  logical  approach  to  the  problem  of  the  requirements 
of  calories  and  nutrients  would  be  to  consider  first  the  physio¬ 
logical  needs  of  the  tissues  and  then  add  a  factor  to  cover  the 
absorption  from  the  intestine.  In  practice  this  procedure  is 
not  possible,  partly  because  of  the  absence  of  reliable  data  on 
the  physiological  requirements  for  some  nutrients,  and  partly 
owing  to  the  very  wide  variation  in  the  absorption. 

Any  derived  figures  must  be  either  a  mean  or  a  range  of 
actual  observations.  At  best  either  can  only  be  guides  to 
the  actual  requirements.  It  must  be  appreciated  that  if  the 
food  intake  of  an  individual  is  planned  according  to  a  scale 
it  may  be  insufficient  to  meet,  or  be  in  excess  of,  the  actual 
requirements  of  the  individual.  Similarly,  if  the  actual  food 
intake  of  an  individual  on  comparison  is  found  to  be  below 
the  scale  it  is  not  necessarily  insufficient  for  the  mdividua  s 


re^^reme^k  determining  the  requirement  of  infants  for 
nutrients  is  complicated  by  the  absence  of  much  of  the  essentia 
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data  and  assisted  by  virtue  of  the  fact  that  much  is  known  of 
the  value  of  the  infant’s  natural  food— human  milk— and 
with  this  as  a  basis  it  is  possible  to  calculate  the  quantity  of 
nutrients  that  ensures  optimal  growth  in  the  average  healthy 
breast-fed  infant.  This  information  can  then  be  used  for  the 
development  of  formulae  for  the  artificial  feeding  of  infants. 

Whatever  may  be  the  pleasant  sensations  associated  with 
eating,  fundamentally  food  is  eaten  : — 

1.  To  supply  the  materials  needed  to  maintain  the  energy 
output  of  the  body  ; 

2.  To  repair  wear  and  tear  on  tissues  ;  and 

3.  In  infants  and  children  to  sustain  growth  at  the  optimal 
level. 

Protein,  carbohydrates,  and  fat  can  all  contribute  to  the 
energy  needs  of  the  body,  and,  with  the  exception  of  those 
minerals  used  in  growth,  the  minerals  and  vitamins  in  the 
food  ensure  the  satisfactory  utilization  of  the  protein,  fat,  and 
carbohydrates  as  sources  of  energy  and  as  the  elements  of 
growth. 

Food  is  eaten  to  replace  the  substances  burnt  by  the  body 
in  executing  the  various  processes  of  living,  and  this  results 
in  the  production  of  heat.  It  is  generally  recognized  that  the 
total  energy  output  of  the  body  is  made  up  of  three  com¬ 
ponents  :  Basal  metabolism  ;  Food  metabolism  ;  and  Activity 
metabolism. 

Basal  Metabolism. — This  is  the  amount  of  heat  pro¬ 
duced  when  all  the  processes  which  normally  take  place  in 
the  body  are  at  a  minimum.  This  occurs  when  the  body  is 
in  physical  and  emotional  rest  and  in  the  post-absorptive 
state. 

In  the  older  child  and  adult  the  energy  produced  in  this 
basal  state  can  be  measured  in  a  number  of  ways  with  con¬ 
siderable  accuracy.  However,  to  induce  an  infant  to  rest 
quietly  it  is  necessary  to  feed  him,  and  it  frequently  happens 
that  the  well-fed  infant  will  doze  off  to  sleep.  For  these 
reasons  most  of  the  studies  of  the  so-called  basal  metabolism 
of  infants  have  been  made  on  sleeping  or  resting  infants  who 
have  recently  been  fed.  The  majority  of  the  workers  have 
recognized  this  point  and,  as  activity  metabolism  is  added 
to  the  minimal  metabolism  figures,  it  follows  that  the 
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difference  between  the  actual  values  obtained  and  the  true 
basal  metabolism  is  largely  of  academic  interest. 

A  number  of  investigators^“^^  have  studied  the  minimal  heat 
output  of  newborn  and  young  infants,  and  it  is  doubtful  if 
any  further  work  will  alter  the  facts  already  available.  The 
usual  procedure  is  to  record  the  heat  produced  by  individual 
infants  for  short  periods  during  which  they  are  resting  or 
sleeping  quietly  and  then  to  express  the  results  as  calories 
per  24  hours  or  per  hour  by  multiplication  by  the  appro¬ 
priate  factor. 

For  many  years  it  has  been  accepted  that  a  close  relationship 
exists  between  basal  metabolism  and  surface  area  of  the  body. 


This  idea  was  developed  by  Rubner  in  1883^3  and  is  based  on 
Newton’s  Law  of  Cooling,  that  a  body  loses  heat  in  relation 
to  its  surface  area. 

Benedict  and  Talbot^  related  their  findings  for  infants  to 
a  number  of  the  body  s  characteristics.  They  studied  . 

1 .  Total  heat  production  in  24  hours  with  body-weight ; 

2.  Heat  production  per  hour  per  kilo  body-weight ; 

3.  Heat  production  per  kilo  body-weight  per  each  age 

group  ; 

4.  Heat  production  and  surface  area. 

In  all  comparisons  there  was  considerable  scatter  of  results 
and  the  selection  of  any  particular  characteristic  to  which 
minimal  heat  production  should  be  related  was  not  indicated 
by  these  comparisons.  For  the  practical  application  of  the 
data  on  basal  metabolism  body-weight  is  the  most  useful,  and 
so  the  results  of  various  workers  will  be  presented  as  the  heat 


production  per  kilo  per  24  hours. 

^  Before  giving  the  data  for  full-term  infants,  the  work  on 
premature  infants  will  be  considered.  The  minimal  meta¬ 
bolism  of  newborn  and  young  premature  infants  has  been 
studied  by  several  groups.^.  In  almost  all  studies  the 

total  caloric  production  of  the  premature  infants  was  as  rnig^ 
be  expected  from  their  smaller  size,  less  than  that  of  full-te 
infants  of  the  same  post-natal  age.  However  when  com 
oared  on  a  weight  basis  the  ranges  were  found  to  be  ot  the 
Tame  orlr  as  tLse  obtained  for  full-term  infants  On  these 
grounds  the  data  for  full-term  and  premature  infants  will  be 
Lnsidered  together.  The  results  from  the  various  studies 
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infants  under  one  year  of  age  have  been  assembled  in  JaW. 
XXXIII .  The  outstanding  feature  is  the  wide  range 
results  obtained  by  the  various  investigators 
above,  a  similar  wide  variation  was  found  by  Benedict  a 
Talbot  when  they  expressed  the  results  on  a  surface  area  or 


age  basis. 


Table  Frequency  Distribution  Records 

OF  Infants  as  reported  by  Various  Investigators 
(Calories  per  kilo  per  24  hours) 


Class 

Interval 

3  Calories 

Benedict  and  Talbot,* 
(Mature  Infants) 

Levine  and 
Marples,* 
(Mature 
Infants) 

Gordon  and 
Levine** 
(Premature) 

Talbot  and 
Others* 
(Premature) 

Totals 

■ 

30-32 

33-35 

— 

— 

— 

— 

36-38 

I 

' 

-  -t 

1  1 
N 

3 

10 

— 

— 

2 

4 

D 

14 

45-47 

13 

— 

I 

10 

24 

36 

48-50 

22 

I 

2 

1 1 

51-53 

43 

2 

I 

3 

49 

54-56 

42 

4 

5 

6 

57 

46 

46 

57-59 

40 

I 

4 

I 

60-62 

32 

7 

4 

3 

63-65 

16 

— 

3 

I 

20 

66-68 

6 

— 

I 

I 

8 

69-71 

5 

— 

— 

2 

7 

72-74 

Mean  54-5,  6-36 
Lower  quartile  49-6 

1  Upper  quartile  60-39 

1 

I 

I 

It  is  interesting  to  note  that  the  mean  is  54*5  calories  per 
kilo  per  24  hours,  wTich  is  sufficiently  close  to  the  usually 
accepted  average  of  55  calories.  Whilst  this  figure  can  be 
used  for  planning  the  food  requirements  of  infants,  it  may  be 
widely  separated  from  the  actual  minimal  energy  require¬ 
ments  of  a  particular  individual.  Reference  to  Table  XXXIII 
shows  that  50  per  cent  of  the  infants  studied  had  values  greater 
than  6o'39  or  less  than  49-6  calories,  wffiilst  the  actual  range 
extended  from  36  to  73  calories.  The  practical  implications 
of  this  will  be  discussed  later. 

Food  Metabolism. — This  is  the  heat  or  energv  produced 
above  the  basal  metabolism  by  ingested  food.  Although  this 
phenomenon  has  been  known  since  1880  and  has  been  studied 
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many  times,  the  cause  of  this  additional  heat  production  is 
not  known.  Experiment  has  definitely  proved  that  it  is  not 
due  to  the  work  of  digestion.  The  injection  of  amino-acid 
gives  the  same  results  as  ingestion.  In  the  adult,  this  addi¬ 
tional  heat  production  commences  about  an  hour  after  the 
food  is  eaten,  and  reaches  a  maximum  about  the  third  hour 
and  maintains  a  plateau  for  several  hours.  This  phenomenon 
has  been  referred  to  as  the  specific  dynamic  action  of  food, 
and  is  greatest  for  protein  food.  Additional  heat,  if  generated 
by  protein  food,  is  wasted,  but  if  by  fat  or  carbohydrate  can 
contribute  to  the  energy  of  activity.  The  specific  dynamic 
action  of  protein  must  be  allowed  for  when  calculating  the 
energy  replacement  of  food  for  adults. 

Benedict  and  Talbot^  have  discussed  the  effects  of  the 
specific  dynamic  action  of  food  in  infant  metabolism  studies. 
They  formed  the  opinion  that  because  a  high  percentage  of 
the  protein  ingested  by  normal  infants  is  stored,  and  because 
storage  of  protein  does  not  raise  metabolism,  the  specific 
dynamic  action  of  protein  in  infants  is  small.  Cane-sugar 
and  levulose  do  exert  an  action  somewhat  less  than  protein, 
but  as  they  are  not  commonly  used  in  the  diets  of  young 
infants  they  can  be  ignored.  Fat  and  lactose  both  have  slight 
specific  dynamic  effects. 

Levine  and  his  co-workers®  studied  in  a  small  number  of 
infants  the  specific  dynamic  action  of  meals  that  maintained 
body-weight  at  the  desired  level.  The  increments  above  the 
basal  level  ranged  from  6  to  14  per  cent,  with  the  average  at 
II  per  cent.  They  noted  that  their  findings  compared 
favourably  with  those  of  other  workers,  who  found  increases 


from  £:  to  I'?  per  cent. 

However,  as  these  studies,  recorded  in  Table  XXXIII,  were 
made  on  recently  fed  infants,  it  is  doubtful  if  any  allovvance 
should  be  made  for  the  possible  stimulating  effects  of  tood. 
Most  authors  when  calculating  total  calorie  requirements,  do 


not  make  such  allowance. 

Activity  Metabolism.-This  is  the  additional  metabolism 
induced  by  any  form  of  activity  above  the  basal.  At  least 
Ihiee  studies  hLe  been  made-.  «•  »  of  the  heat  Produced  bj 
the  muscular  activity  of  infants.  It  was  found  that^  the 
increase  over  the  minimal  metabolism  extended  from  2-5  per 
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cent  with  slight  restlessness  to  lOO  per  cent  during  a  period  of 
hard  crying.  Whilst  these  figures  can  be  determined  with 
some  degree  of  accuracy,  it  is  difficult  to  set  any  estimate  on 
the  degree  of  activity  of  an  individual  infant. 

A  figure  to  be  used  for  the  activity  metabolism  of  infants  as 
a  group  must  be  sufficiently  wide  to  apply  to  the  majority 
of  infants.  Because  some  infants  are  normally  quiet  and 
placid  and  others  are  restless,  with  much  purposeless  eflfort, 
it  follows  that  the  selected  figure  for  the  heat  produced  by 
activity  may  be  too  high  for  some  infants  and  too  low  for 
others. 

With  advancing  age  the  activity  of  an  infant  increases  ;  like¬ 
wise  the  same  infant  may  become  restless  for  a  period.  Thus 
it  may  happen  that  a  diet  that  had  been  adequate  may  in  a 
matter  of  a  few  days  become  insufficient  to  maintain  growth 
at  the  normal  rate  owing  to  the  utilization  of  the  growth 
component  to  meet  the  added  energy  requirements. 

From  experiments  it  has  been  found  that  the  range  of 
energy  production  by  activity  extends  from  lo  calories  per 
kilogram  for  the  very  placid  infants  to  8o  calories  per  kilo¬ 
gram  for  the  vigorous  ones.  A  preferred  value  is  25  calories 
per  kilogram. 


ALLOWANCE  FOR  GROWTH 

The  figures  already  considered  do  not  allow  for  the  foods 
to  be  used  for  growth.  These  foods  are  not  completely 
combusted  and  so  do  not  generate  heat  and  thus  are  not 
measured  by  the  usual  methods  of  determining  energv  output. 

It  is,  however,  possible  to  calculate  the  percentage  of 
protein  and  fat  in  each  growth  increment  which  is  easily 
obtained  from  weight  curves.  From  data  assembled  by 
Stearnsii  it  is  apparent  that  about  14  per  cent  of  the  weight 
gain  of  a  healthy  infant  is  protein.  As  each  molecule  of 
protein  carries  with  it  four  molecules  of  water,  it  is  reasonable 
to  set  the  water  component  of  weight  gain  at  about  65  per 
cent  and  thus  the  fat  is  about  21  per  cent.  These  figures 
can  only  be  accepted  as  an  average.  The  calorie  values  of 
these  components  can  be  calculated  for  the  weight  increments 
unng  the  first  year.  The  derived  figures  are  set  out  in 
column  9,  Table  XXXIV.  From  this  it  will  be  seen  that 
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they  range  from  about  70  calories  during  the  first  month  to 
about  30  during  the  twelfth,  or  16  calories  and  3  calories  per 
kilo  body-weight  respectively. 


Table  XXXIV. — Calculation  of  Calorie  Value  of  Food  added 
TO  THE  Body  in  the  Process  of  Growth  during  the  First  Year 


(See  text  for  explanation) 


Age 

Weight 

IN 

Grammes 

Gain  in 
Grammes 
PER  Day 

Gain  in 
Grammes 
IN  TW'O 
Weeks 

Protein 

ADDED 

PER  Day 

Water 

ADDED 

per  Day 

Fat 

ADDED 

PER  Day, 
Grammes 

I 

2 

3 

4 

S 

6 

7 

Total 
Calories  I 
Value  of 

ADDED  ! 

Foodstltf 

8 


Total 
Calories  : 
KG./BODYi 
Weight 


Birth 
2  weeks 
4  weeks 
6  weeks 
8  weeks 
10  weeks 
12  weeks 
14  weeks 
16  weeks 
18  weeks 
20  weeks 
22  weeks 
24  weeks 
26  weeks 
28  weeks 
30  weeks 
32  weeks 
34  weeks 
36  weeks 
38  weeks 
40  weeks 
42  weeks 
44  weeks 
48  weeks 
50  weeks 
52  weeks 


3629 

3799 

4139 

4508 

4905 

5245 

5557 

5897 

6180 

6463 

6747 

7002 

7229 

7428 

7683 

7881 

8080 

8278 

8448 

8618 

8788 

8959 

9100 

9412 

9554 

9724 


12 

24 

26 

28 

24 

22 

24 

20 

20 

20 

18 

16 

14 

14 

14 

14 

14 

12 

12 

12 


170 

340 

369 

397 

340 

312 

340 

283 

283 

284 

255 

227 

199 

199 

198 

199 

198 

170 

170 

170 

171 
141 

141 

142 
140 


1-68 

3-38 

3- 64 

4- 02 

3-38 

3-08 
3-38 
2-8 
2-8 
2-8 
2-52 
2-24 
2-01 
2-01 
2-01 
201 
2-01 
69 
69 
69 
69 
4 
4 
4 
4 


7-6 

15-2 

17- I 

18- 2 

15-2 

14- 3 

15- 2 

13-0 

13-0 

13-0 

II-7 

10-4 

9-1 

9-1 

9-1 

9-1 

9-1 

7-6 

7-6 

7-6 

7-6 

6-5 

6-5 

6-5 

6-5 


2- 72 
5-42 
5-26 
5-78 
5-42 

4- 62 

5- 42 

4-2 

4-2 

4-2 

3- 78 
3-36 
2-89 
2-89 
2-89 
2-89 
2-89 
2-71 
2-71 
2-71 
2-71 
2-1 


34-78 

69- 50 

70- 48 
76-46 
69-50 
60-37 

69-50 

54-88 

54-88 

54-88 

49-39 

44-90 

38-23 

38-23 

38-23 

38-23 

38-23 

34-75 

34-75 

34-75 

34-75 

27-44 

27-44 

27-44 

27-44 


9- 15 

16-78 

15-63 

15-58 

13-25 

10- 86 
11-78 

8-88 

8-49 

8-13 

7-05 

6-21 

5-14 

4-97 

4-85 

4-73 

4-62 

4-11 

4-03 

3-95 

3-87 

3-02 

2-92 

2-87 

2-82 


allowances  for  losses  in  the  pieces 

The  foregoin?  discussion  relates  to  the  physiological  require¬ 
ments  of  tissues  for  calories.  In  order  to  determine  the  food 
that  must  be  eaten  to  supply  this  amount  it  is 
a  percentage  for  the  undigested  portions  of  food  in  the  feces^ 
tL  actual  quantities  lost  in  this  way  will  vary  with  each 
child  and  in  the  same  child  from  time  to  time. 

From  studies  that  have  been  made'*.  it  can  be  assumed 
that  the  average  calorie  value  of  the  undigested  and  unabsorbe 
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portion  of  the  food  lost  in  the  feces  is  about  12  per  cent  of 
the  intake. 

CALCULATION  OF  CALORIE  REQUIREMENT 

From  the  data  presented  it  is  possible  to  calculate  a  set  of 
figures  for  the  calorie  requirement  of  infants  of  various  ages. 
Emphasis  has  already  been  placed  upon  the  limitations  of  any 
figures  so  derived.  At  best  they  represent  an  average.  A  set 
of  figures  is  presented  in  Table  XXXV.  The  actual  calorie 
requirements  of  most  infants  will  be  within  a  range  20  per 
cent  above  and  below  these  means. 

CONFIRMATION  OF  CALORIE  REQUIREMENT 

FIGURES 

The  figures  in  Table  XXXV  were  derived  by  adding  the 
’  various  components.  Two  methods  of  confirmation  from 
direct  observations  are  possible :  (a)  from  the  results  of 

24-hour  studies  of  the  metabolism  of  infants  ;  and  (b)  from 
records  of  the  calorie  value  of  food  ingested  by  healthy  infants 
who  grew  satisfactorily. 

Benedict  and  Talbot^'^  studied  the  metabolism  of  infants 
for  periods  of  24  hours.  The  figures  they  obtained  for 
energy  produced  represent  the  calories  required  for  basal 
metabolism,  food  metabolism,  and  activity,  but  do  not  include 
the  calorie  value  of  the  food  used  for  growth  or  that  lost  in 
the  feces.  When  the  figures  obtained  by  Benedict  and 
Talbot  are  compared  with  the  sum  of  those  in  columns  3 
and  4  of  Table  XXXV  it  was  found  that  they  were  some 
25  per  cent  below.  A  possible  explanation  was  that  the 
activity  of  the  infants  was  appreciably  below  normal,  because 
of  their  confinement  in  a  metabolism  chamber. 

Faberi8  measured  the  calorie  value  of  the  milk  consumed 
by  a  number  of  infants  i  to  12  days  old,  who  were  allowed 
to  satisfy  their  hunger.  In  all  he  obtained  932  records. 
The  mean  v'alue  for  infants  5  to  12  days  old  was  found  to  be 
about  40  calories  per  pound,  while  the  range  extended  from 
30  to  /O  calories  per  pound.  This  is  in  good  agreement 
with  the  derived  figures. 

During  a  study  of  the  calcium  and  phosphorus  metabolism 
of  breast-fed  infants,  Wake^^  recorded  the  calorie  intake  of 
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the  mfants  of  various  ages  up  to  26  weeks  (the  oldest  group 
studied).  The  figures  obtained  were  within  15  per  cent  of 
the  computed  calorie  requirements.  All  infants  in  Wake’s 
series  grew  at  satisfactory  rates. 


Table  XXXV.  Calculation  of  Total  Caloric  Requirements 

ACCORDING  TO  AgE,  FROM  DaTA  PRESENTED  IN  ThIS  CHAPTER 


Age  in 
W'eeks 

Aver.\ge 

Weight 

Calories 

For 

Minimal 

Metabolism 

Activity 

Metabolism 

Growth* 

Sub-total 

Allowances 
for  Losses 
in  Faeces 

Total 

lb. 

oz. 

25  per  lb. 

10  per  lb. 

0-2 

8 

3 

205 

82 

35 

322 

38 

360 

2-4 

8 

12 

219 

88 

70 

377 

45 

382 

4-6 

9 

9 

239 

96 

70 

405 

48 

453 

6-8 

10 

6 

259 

106 

76 

441 

52 

493 

8-10 

1 1 

3 

279 

1 12 

70 

461 

55 

516 

10-12 

1 1 

14 

297 

117 

69 

483 

58 

541 

12-14 

12 

10 

319 

126 

70 

515 

61 

576 

14-16 

13 

5 

333 

133 

55 

521 

62 

583 

16-18 

13 

15 

348 

139 

55 

542 

65 

607 

18-20 

14 

9 

364 

146 

55 

565 

67 

632 

20-22 

15 

3 

380 

152 

50 

582 

69 

651 

22-24 

15 

1 1 

392 

157 

45 

594 

71 

665 

24-26 

16 

3 

405 

162 

38 

605 

72 

677 

26-28 

16 

9 

414 

166 

38 

618 

74 

692 

28-30 

17 

3 

430 

172 

38 

640 

76 

716 

30-32 

17 

9 

439 

176 

38 

653 

78 

731 

32-34 

18 

0 

450 

180 

38 

668 

79 

747 

34-36 

18 

7 

460 

184 

35 

679 

80 

759 

36-38 

18 

13 

470 

188 

35 

693 

82 

775 

38-40 

19 

3 

480 

192 

35 

707 

84 

791 

40-42 

19 

9 

489 

196 

35 

720 

86 

806 

42-44 

19 

15 

498 

199 

27 

724 

87 

811 

44-46 

20 

4 

506 

203 

27 

736 

88 

824 

46-48 

20 

9 

514 

206 

27 

747 

89 

836 

48-50 

20 

15 

523 

209 

27 

759 

91 

850 

50-52 

21 

4 

531 

213 

27 

771 

92 

863 

*  From  data  in  Table  XXXIV. 


CLINICAL  APPLICATION 

The  infant  and  child  needs  calories  to  replace  those  expended 
by  the  vital  processes  of  the  body.  In  addition  food  elements 
are  needed  for  growth.  The  total  calorie  needs  will  depend 
upon  the  degree  of  activity  of  the  infant  and  the  rate  of 
growth.  Active  infants  require  more  calories,  and  infants 
wTose  w^eight  has  been  stationary  for  some  time  or  w'ho  have 
actually  lost  w'eight  wall  also  have  a  higher  demand  for  calories. 
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The  calorie  requirement  for  an  individual  infant  will  lie 
within  a  range.  The  average  is  about  43  calories  per  pound 
and  the  range  extends  from  30  to  70  calories  per  pound. 

The  average  figure  should  be  used  to  plan  a  dietary,  but 
it  should  be  used  sparingly  to  interpret  the  adequacy  or  not 
of  the  actual  intake  of  an  individual.  The  only  satisfactory 
guide  to  adequacy  of  the  calorie  intake  is  the  rate  of  growth. 

The  commonest  cause  of  the  failure  of  an  infant  to  grow' 
at  a  satisfactorv  rate  is  that  it  is  *  under-caloried  .  Similarly, 
manv  infants  w'ho  grow  at  the  normal  rate  leave  as  much  as 
3  or  4  oz.  per  day  of  the  food  prepared  for  them  on  the 
assumption  that  they  require  43-45  calories  per  pound  of 
body-w'eight. 


REFERENCES 

*  Benedict,  F.  G.,  and  Talbot,  F.  B.  (1914),  The  Gaseous  Metabolism 

of  Infants  zcith  Special  Reference  to  its  Relation  to  Pulse-rate  and 
Muscular  Activity.  Carnegie  Institution  of  Washington  ;  Publica¬ 
tion  No.  201. 

^  Benedict,  F.  G.,  and  Talbot,  F.  B.  (1915),  The  Physiology  of  the  Netc- 
born  Infant,  Character  and  Amount  of  Katabolism.  Carnegie  Institu¬ 
tion  of  Washington  :  Publication  No.  223. 

’Bailey,  H.  C.,  and  Murlin,  J.  (1915),  “  The  Energy  Requirements  of 
the  Newborn  ”,  Amer.  J.  Obstet.  Dis.  Worn.,  71,  526. 

*  Marine,  D.,  Lowe,  B.  H.,  and  Cipra,  A.  (1922),  “  Influence  of  Glands 

with  Internal  Secretion  on  the  Respiratory  Exchange  ”,  jf.  metab. 
Res.,  2,  329. 

’Talbot,  F.  B.,  Sisson,  W.  R.,  Moriarty,  M.  E.,  and  Dalrymple, 
J.  (1923),  “The  Basal  Metabolism  of  Prematurity”,  Amer.  J. 
Dis.  Child.,  26,  29. 

*  Murlin,  J.  R.,  Conklin,  R.  E.,  and  Marsh,  M.  E.  (1925),  “  Energy 

Metabolism  of  Normal  Newborn  Infants”,  Ibid.,  29,  i. 

’  Marsh,  M.  E.,  and  Murlin,  J.  R.  (1925),  “  Energy’  Metabolism  of 
Premature  and  Undersized  Infants”,  Ibid.,  30,  310. 

’Levine,  S.  Z.,  and  Marples,  E.  (1931),  “Respiratory’  Metabolism  in 
Infancy  and  Childhood.  Biometric  Study  of  Basal  Metabolism  in 
Normal  Infants”,  Ibid.,  41,  1332. 

*  Levine,  S.  Z.,  McEachern,  'P.  H.,  Wheatley,  M.  A.,  Marples,  E., 

and  Kelly,  M.  D.  (h;35),  “Respiratory  Metabolism  in  Infancy 
and  in  Childhood.  Daily  Energy’  Requirements  of  Normal  Infants  ” 
Ibid.,  50,  596.  ’ 

'“Gordon  H.  H.,  and  Levine,  S.  Z.  (1936),  “Respiratory  Metabolism 
m  Infancy  and  Childhood.  Respiratory  Exchange  in  Premature 
Infants  Basal  Metabolism”,  Ibid.,  52,  810. 

“  Levine,  S.  Z.,  Wheatley,  M.  A.,  McEachern,  T.  H.,  Gordon  H.  H. 
and  Marples,  E.  (1938),  “  Respiratory  Metabolism  in  Infancy 
Childhood.  Daily  Water  Exchange  of  Normal  Infants  ” 
ioia.,  56,  83.  ’ 

“-.“p  Lp’iNE,  S  Z.  Deamer,  W.  C.,  and  McN.amara,  H. 

Metabolism  in  Infancy  and  in  Childhood 
13  n  Requirements  of  Premature  Infants  ”,  Ibid.,  <9  ii8«; 

Rlbneb  M.  (,883),  ■■  On  the  Influence  of  Body  Size’ on  Mltabil'sm 
and  Energy’  Exchange  ”,  Z.  Biol.,  19,  535. 


i8o 


INFANT  NUTRITION 


Stearns,  G.  (1939),  “  The  Mineral  Metabolism  of  Normal  Infants  ”, 
Physiol.  Rev.,  19,  415. 

Holt,  L.  E.,  Courtney,  A.  M.,  and  Fales,  H.  L.  (1919),  “  A  Method 
for  the  Determination  of  Fat  in  Dried  Faeces  and  its  Distribution 
as  Soap,  Free  Fatty  Acids  and  Neutral  Fat  ”,  Amer.  J.  Dis.  Child., 

17,  38. 

Neilson,  G.  (1943),  “  Studies  on  the  Dry  Substance,  Fat,  Nitrogen, 
Ash  and  Calcium  Contents  of  the  Faeces  in  Normal,  Breast-fed 
and  Bottle-fed  Children  ”,  Acta  peediatr.,  Stockh.,  31,  225. 
Benedict,  F.  G.,  and  Talbot,  F.  B.  (1921),  Metabolism  and  Growth 
from  Birth  to  Puberty.  Carnegie  Institution  of  Washington : 
Publication  No.  302. 

Faber,  H.  K.  (1922),  “  Food  Requirements  of  Newborn  Infants.  A 
Study  of  the  Spontaneous  Intake  ”,  Amer.  J.  Dis.  Child.,  24,  56. 
Wake,  N.,  previously  unpublished  data. 


i8i 


Chapter  X 

REQUIREMENTS  OF  NUTRIENTS 
PROTEIN 

While  the  protein,  fat,  and  carbohydrate  in  the  diet  can  all 
contribute  to  the  calorie  needs  of  the  body,  protein  has  the 
particular  task  of  supplying  the  body’s  need  for  tissue  expansion 
or  growth.  All  soft  tissues  and  the  pre-calcification  stages  of 
bone  and  cartilage  need  adequate  supplies  of  protein  to  ensure 
proper  growth  of  these  structures. 

The  requirements  for  protein  will  depend  upon  a  number 
of  factors,  which  will  be  better  appreciated  after  a  brief  review 
of  the  details  of  protein  metabolism  in  the  infant  and  child. 

According  to  a  modern  theory  of  protein  metabolism^  the 
protein  in  the  tissues  is  in  a  constant  state  of  degradation 
and  resynthesis.  Various  linkages,  including  the  peptide, 
open  and  the  fragments  thus  liberated  are  free  either  to  join 
others  in  the  immediate  vicinity  or  diffuse  through  the  cell 
wall  into  the  intercellular  fluid,  and  from  here  they  are  trans¬ 
ferred  in  the  plasma  either  as  the  broken  linkages  or  as 
re-formed  proteins  to  the  liver  or  other  organs.  In  the  healthy 
well-fed  infant  degradation  is  at  least  matched  immediately 
by  regeneration  ;  for  growth  to  occur  regeneration  should 
proceed  at  a  faster  rate  than  degradation. 

Under  the  influence  of  forces  as  yet  unexplained,  a  priority 
exists  amongst  the  protein  tissues  for  the  components  needed 
for  regeneration.  The  protein  fraction  of  haemoglobin  appears 
to  have  the  first  claim,  followed  by  plasma  proteins  and  then 
by  those  of  the  liver  and  visceral  musculature.  Skeletal 
muscles  have  a  low  priority,  and  resynthesis  of  these  proteins 
will  only  occur  if  the  level  of  protein  components  is  high, 
leaving  a  surplus  after  the  other  demands  have  been  met.^ 
In  terms  of  this  hypothesis  it  is  permissible  to  visualize 
expansion  of  muscular  tissue,  i.e.,  growth,  occurring  when 
there  is  a  still  greater  excess,  providing  that  the  appropriate 
hormones  are  present  in  suitable  amounts. 
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When  an  infant  is  receiving  a  diet  low  in  protein  or  during 
periods  of  absolute  or  relative  starvation,  the  components 
for  the  manufacture  of  the  essential  protein  tissues  are  pro¬ 
vided  by  the  breakdown  of  skeletal  tissue. 

Protein  Requirements  of  Young  Infants. — It  is  not 
possible  to  measure  the  protein  requirements  by  the  syn¬ 
thetic  approach  used  for  calories.  The  only  criterion  of 
adequate  protein  retention  by  the  body  is  satisfactory  growth. 
Even  the  standard  of  satisfactory  growth  may  vary.  Stearns® 
has  demonstrated  that  the  nitrogen  content  of  breast-fed 
infants  is  appreciably  less  than  that  of  infants  of  the  same 
age  fed  on  full-strength  cow’s  milk.  However,  a  much 
higher  percentage  of  the  protein  of  human  milk  is  retained 
by  the  infant  compared  with  the  protein  of  cow’s  milk.  It 
would  seem  that  the  character  of  the  proteins  of  human  milk 
is  such  that  better  utilization  can  be  made  by  the  infant’s 
body  of  a  given  quantity  when  compared  with  the  use  made 
of  the  same  quantity  of  protein  from  cow’s  milk.  Thus  to 
ensure  the  retention  of  a  given  quantity  of  nitrogen  by  an 
artificially  fed  infant  it  is  necessary  to  give  appreciably  more 
protein  than  would  be  obtained  by  breast-fed  infants  of  the 
same  age  and  stage  of  growth. 

For  these  reasons  breast-fed  and  artificially  fed  infants  will 

be  considered  separately. 

The  determination  of  the  protein  requirements  of  breast¬ 
fed  infants  is  not  a  difficult  problem  ;  Nature  has  designed 
the  milk  from  most  women  to  meet  the  needs  of  the  infant. 
Macy  and  her  co-workers^’  ®  have  studied  the  composition 
of  a  large  number  of  samples  of  human  milk  and  have  stated 
that  the  level  of  protein  in  the  milk  from  any  one  woman 
may  fluctuate  within  comparatively  narrow  limits,  but  that 
the  mean  value  throughout  lactation  is  at  a  level  characteristic 

for  that  woman.® 

Thus  Macy  found  that  the  mean  values  for  the  protein 
content  of  the  milk  from  three  women  were  respectively  0-9, 
I -I,  1-4  g.  per  100  ml.  According  to  Macy  these  differences 

were  a  constant  feature. 

It  is  reasonable  to  assume  that  the  breast-fed  infant  whose 
growth  progresses  satisfactorily  along  the  recognized  pattern 
must  have  received  sufficient  protein  to  meet  its  physiological 
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requirements.  Occasionally  a  breast-fed  infant  is  met  who, 
although  receiving  apparently  adequate  quantities  of  breast 
milk,  does  not  increase  in  weight  satisfactorily  and  whose 
muscle  growth  is  retarded.  W  e  have  studied  a  number  of 
such  cases  and  have  found  the  protein  content  of  the  milk 
to  be  persistently  low  ;  in  one  case  the  average  of  a  large 
number  of  whole-breast  samples  was  078  g.  per  100  ml. 
The  protein  intake  of  the  well-nourished  breast-fed  infant 
during  the  first  six  months  of  life  varies  from  07  g.  to  i  g. 
per  pound  of  body-weight.  This  figure  is  largely  of  academic 
interest,  for  little  can  be  done  to  influence  the  protein  intake 
of  the  breast-fed  infant,  at  least  during  the  first  five  or  six 
months  of  life,  except  by  the  addition  of  concentrated  milk 
proteins  {see  p.  229). 

The  problem  of  the  artificially  fed  infant  is,  however, 
different.  The  protein  of  cow’s  milk  is  not  similar  in  its 
composition  to  human  milk,  and  the  results  of  balance 
experiments  suggest  that  there  may  be  other  factors  than 
the  chemical  composition  which  influence  the  retention  of 
nitrogen. 

Balance  experiments  with  cow’s  milk  mixtures®-^®  have 
demonstrated  that  the  actual  retention  of  nitrogen  depends 
upon  the  level  of  intake.  The  addition  of  protein  to  an 
already  protein-rich  diet  leads  to  a  still  higher  retention. 
However,  the  percentage  of  the  protein  intake  retained  from 
cow’s  milk  is  much  lower  than  with  human  milk. 

The  protein  retained  by  breast-fed  infants  was  found  to 
range  from  33  to  56  per  cent  of  the  intake,  with  the  mean 
about  45  per  cent.“  Infants  fed  with  full-strength  cow’s 
milk®.  9  retained  from  9  to  44  per  cent  of  the  intake,  with  a 
mean  of  25  per  cent.  Thus  a  breast-fed  infant  of  a  given  age 
would  retain  about  5  g.  of  protein  per  day,  whilst  the  infant 
of  the  same  age  fed  on  full-strength  cow’s  milk  with  three 
times  the  protein  concentration  of  human  milk  would  only 
gain  about  6^  g.  of  protein,  vs/  ,  J 

Another  noticeable  feature  of  the  balance  experiments  is 
the  wide  range  of  the  percentages  of  protein  retained,  even  in 
the  same  child  fed  on  cow’s  milk,  whilst  in  almost  all  subiects 
fed  on  human  milk  the  figures  for  retention  of  protein  were 
grouped  between  40  and  50  per  cent. 
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Balance  experiments  have  thus  demonstrated  that  the  differ¬ 
ences  between  the  concentration  of  protein  in  human  and 
cow’s  milk  is  not  a  true  guide  to  the  utilization  of  the  two 
products  by  the  infant. 

On  the  basis  of  protein  content  alone  a  cow’s-milk  mixture 
comprising  milk  2  parts  and  water  5  parts  would  have  a  total 
protein  strength  similar  to  the  average  human  milk.  We  have, 
however,  shown  that  total  protein  content  is  an  unsatisfactory 
basis  on  which  to  compare  cow’s  and  human  milk.  The 
variation  in  amino-acid  content  is  much  more  important. 
Table  XVII  shows  that  numerically  the  concentration  of 
amino-acids  in  a  cow’s-milk  mixture  is  equal  to  or  greater  than 
the  concentration  in  average  human  milk  when  the  mixture 
contains  milk  2  parts,  water  i  part,  or  a  protein  concentration 
of  2-3  per  cent. 

From  the  results  of  balance  experiments  it  seems  that  in 
order  that  an  artificially  fed  infant  shall,  on  the  average, 
retain  as  much  protein  as  a  breast-fed  infant,  it  should  be 
given  a  mixture  that  contains  about  twice  as  much  protein 
as  is  present  in  the  average  human  milk,  i.e.,  a  concentration 
of  about  2  per  cent. 

In  view  of  the  wider  range  in  the  retention  of  protein  from 
cow’s  milk  mixtures  it  is  safer  to  provide  a  mixture  with 
slightly  more  protein  in  order  that  the  infants  with  a  lower 
percentage  retention  may  have  an  opportunity  of  retaining 
the  average  amount  of  protein.  Thus  a  mixture  of  2  parts 
milk  and  i  part  water  will  provide  a  protein  concentration  of 
about  2*3  per  cent,  which  will  ensure  that  most  artificially 
fed  infants  will  retain  as  much  protein  as  the  average  breast¬ 


fed  infant. 

Expressed  in  relation  to  the  body-weight,  the  protein 
requirements  of  breast-fed  infants  vary  between  1-5  g.  and 
2  g.  per  kilo  (07-1  g.  per  pound)  and  the  requirements  of 
artificially  fed  infants  are  between  3  g.  and  4  g.  per  kilo 

(1-4-2  g.  per  pound).  ,  .  -n  •  1 

Infants  whose  intakes  are  higher  than  this  will,  m  general, 

retain  more  nitrogen  than  breast-fed  infants  of  the  same  age. 
This  observation  led  Rominger  and  Meyer^  and  later  Stearns 
to  state  that  the  infant  fed  on  full-strength  cow  s  milk  has  a 
different  chemical  composition  to  the  infant  of  the  same  age 
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fed  on  human  milk.  Whether  this  is  desirable  has  not  yet 
been  demonstrated,  but  the  exponents  of  high-protein  feeding 
of  infants  claim  that  infants  receiving  this  type  grow  at  a 
more  satisfactory  rate  than  infants  of  the  same  age  given 
lower  concentrations. 

Scanty  information  is  available  on  the  protein  requirements 
of  older  infants.  An  important  contribution  has  been  made 
in  this  field  by  the  Russian  school.  As  a  result  of  metabolism 
experiments,  one  group^^  concluded  that  infants  about 
eighteen  months  of  age  should  receive  at  least  3 *5-3 -6  g.  of 
protein  per  kilo  of  body-weight  per  day.  Another  group^^ 
concluded  that  the  optimal  retention  of  nitrogen  in  children 
aged  1^3  years  occurred  when  the  protein  intake  was  approxi¬ 
mately  4  g.  per  kilo  of  body-weight  per  day. 

The  Technical  Commission  of  the  Health  Committee  of 
the  League  of  Nations^^  recommended  3*5  g.  per  kilo.  Leitch 
and  Duckworth,^®  after  reviewing  the  literature,  which  included 
the  Russian  work,  recommended  4  g.  per  kilo.  The  Food 
and  Nutrition  Board  of  the  National  Research  Council  of 
America^®  proposed  for  toddlers  1-3  years  of  age  40  g.  of 
protein  per  day.  For  infants  of  normal  weight  this  represents 
2-9-4-2  g.  per  kilo  of  body-weight. 

Levine,^’  who  discussed  this  problem  at  some  length, 
accepted  this  figure. 

Thus  from  the  rather  scattered  data  it  is  apparent  that  for 
optimal  growth  the  artificially  fed  infant,  both  during  the  first 
SIX  months  of  life  and  later,  requires  from  3  g»  to  4  g.  of  protein 
per  kilo  of  body-weight  (1-4-2  g.  per  lb.). 

Premature  Infants.— In  Chapter  III  we  saw  that  during 
the  last  trimester  the  foetus  accumulates  protein  at  a  con¬ 
siderably  greater  rate  than  at  any  other  time  during  foetal  life. 
The  nitrogen  storage  in  the  premature  infant  will  depend 
upon  the  degree  of  prematurity.  In  calculating  the  nitrogen 
content  of  a  premature  infant  it  must  be  appreciated  that  the 
seven-months’  foetus  contains  about  100  g.  of  protein,  at  eight 
months  about  137  g.,  at  nine  months  about  250  g  Thus  a 
premature  infant  starts  life  with  a  great  handicap  in  respect 
to  the  amount  of  protein  stored. 

Lntil  recent  years  human  milk  has  been  widely  advocated 
as  the  ideal  food  for  premature  infants.  However,  on 
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theoretical  reasoning  alone,  its  low  protein  content  would 
suggest  that  human  milk  could  not  provide  enough  protein 
to  augment  sufficiently  the  low  stores  of  protein  in  the 
premature  infant. 

Gordon  and  Levine^®’  have  recently  demonstrated  by 
clinical  experiment  that  when  premature  infants  are  fed  on  a 
mixture  containing  a  high  concentration  of  protein  they  gain 
weight  at  a  greater  rate  than  infants  fed  with  isocaloric  amounts 
of  human  milk. 

Nitrogen  balance  experiments^®  have  been  conducted  on 
infants  who  were  fed  with  isocaloric  diets  of  human  milk  and 
mixtures  of  cow’s  milk  which  gave  about  120  calories  and 
2-75  g.  of  protein  per  kilo  per  24  hours.  The  average  amount 
of  nitrogen  retained  by  infants  fed  on  either  formula  was 
approximately  the  same.  However,  when  the  protein  intake 
was  increased  to  4*8  g.  per  kilo  per  24  hours  the  actual  reten¬ 
tion  rose,  although  the  percentage  retention  fell. 

In  view  of  the  depleted  protein  stores  in  the  premature 
infant,  a  diet  rich  in  protein  is  desirable  because  it  ensures 
a  greater  actual  retention.  Gordon  and  his  co-workers^® 
obtained  the  greatest  gain  in  weight  in  premature  infants 
when  they  fed  a  mixture  containing  4*8  g.  per  kilo,  and  the 
least  response  from  infants  fed  on  human  milk,  which  pro¬ 
vided  2’2  g.  per  kilo  body-weight. 


CARBOHYDRATE  AND  FAT 

These  two  nutrients  contribute  the  bulk  of  the  calories 
and  they  have  already  been  considered  in  detail  in  the  pre¬ 
ceding  chapter.  It  is  doubtful  if  either  of  these  nutrients 
has  an  intrinsic  significance  in  the  nutrition  of  full-term 

infants.  .  ,  r  v  •  \ 

Fats  are,  for  the  infant,  the  principal  source  of  vitamin  A, 

and  as  such  should  be  included  in  the  diet.  It  has  been 

claimed  that  certain  fatty  acids,  especially  linoleic,  are  essentia 

for  optimal  growth.  The  term  'essential  fatty  acids  was 

introduced  in  1930, when  it  was  found  that  the  addition  o 

members  of  a  group  of  unsaturated  fatty  acids  to  the  diet  o 

rats  would  bring  about  a  renewal  of  growth  after  the  weig 

had  been  stationary  on  a  diet  low  in  these  fatty  acids.  Little 

known  of  the  requirements  of  infants  for  these  unsaturated 
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fatty  acids.  It  has  been  observed  that  linoleic  acid  is  better 
absorbed  in  premature  infants  than  oleic,  suggesting  that  the 
presence  of  more  than  one  double  bond  in  a  fatty  acid  chain 
favours  fat  absorption. 

A  group  of  Dutch  workers^^  has  demonstrated  that  vaccenic 
acid,  an  isomer  of  oleic  acid,  has  growth-promoting  properties 
for  rats.  It  is  not  permissible  to  relate  the  findings  to  infants, 
but  the  possibility  that  butter  and  perhaps  other  fats  may 
possess  growth-promoting  factors  for  infants  cannot  be 
forgotten. 

The  interesting  observation  that  the  serum  of  infants 
suffering  from  eczema  contains  a  lower  percentage  of  un¬ 
saturated  fatty  acids  than  normal  infants  of  the  same  age,^^> 
and  the  clinical  experience  that  maize  and  other  oils  rich  in 
linoleic  acid  bring  about  a  marked  improvement  in  some 
cases  of  infantile  eczema,^®  are  not  without  significance. 
It  has  been  demonstrated^^-^^  that  the  addition  of  linoleic 
acid  to  the  diet  of  infants  with  eczema  and  with  low  values 
for  unsaturated  fatty  acids  in  the  serum,  raises  these  values. 

%or 

CBS. 
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Whether  there  is  any  relationship  between  the  dietary  level 
of  linoleic  acid  and  the  initial  serum  values  in  these  cases 
yet  remains  to  be  proved. 

^  Fat  in  the  Diet  of  Premature  Infants. — A  number  of 
studies^’”^®  have  demonstrated  that  premature  infants  absorb 
less  fat  than  full-term  infants  of  the  same  post-natal  age  on 
diets  in  which  fat  supplied  from  30  to  55  per  cent  of  the 
calories.  This  is  shown  diagrammatically  in  Fig.  12,  repro¬ 
duced  from  an  article  by  Gordon  and  McNamara.^® 

When  the  percentage  of  fat  in  the  diet  was  reduced  so 
that  it  only  supplied  15-20  per  cent  of  the  calories  these 
workers  found  that  the  loss  of  fat  in  the  faeces  was  reduced 
to  the  amount  usually  lost  by  full-term  infants.'^ 

Thus  it  seems  that  diets  too  high  in  fat  may  result  in  the 
loss  of  a  considerable  percentage  of  the  potential  calories  by 
excretion  of  much  of  the  fat  m  the  faeces.  This  explains 
part  of  the  success  attained  in  the  management  of  premature 
infants  when  fed  on  diets  relatively  low  in  fat.  Gordon  and 
McNamara^^  are,  however,  convinced  that  the  imperfect 
absorption  by  premature  infants  was  not  due  to  inadequate 
digestion  of  fat  by  lipolytic  enzymes. 


MINERALS  AND  VITAMINS 

Providing  that  the  maternal  supplies  are  adequate  the 
foetus  stores  minerals  and  vitamins  in  its  tissues.  It  was 
shown  in  Chapter  III  that  the  amounts  stored  during  the 
last  month  of  gestation  are  relatively  large  compared  with 
those  stored  in  the  first  eight  months.  Thus  it  is  that  the 
infant  who  is  born  prematurely  will  have  stored  much  less 
than  the  normal  full-term  infant  of  a  healthy  well-nourished 

An'/' study  of  the  requirements  of  infants  for  various 
nutrients  must,  in  the  first  instance,  be  based  on  the  assump¬ 
tion  that  the  infant  has  acquired  the  norma  storage 
nutrients  during  foetal  life.  Throughout  the  following  pages 
frequent  refereLe  will  be  made  to  the  storage  during  fetal 
life^of  supplies  to  meet  the  demands  of  post-natal  life.  This 
nrovision^by  nature  complicates  considerably  any 
tion  of  the  nutrient  requirements  of  infants,  especia  y  or 
immediate  post-natal  period. 
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If  the  needs  of  the  growing  tissues  are  met,  partly  from  the 
body  stores  and  partly  from  the  ingested  food,  it  makes  the 
interpretation  of  balance  experiments  difficult.  Nature  has, 
however,  provided  very  useful  information  in  the  form  of 
the  composition  of  human  milk.  It  is  reasonable  to  assume 
that  during  the  evolution  of  man  a  natural  food  has  been 
developed  which,  together  with  the  provisions  of  pre-natal 
life,  is  adequate  to  meet  the  needs  of  the  very  young  of  the 
species.  Because  of  the  paucity  of  other  data,  frequent 
reference  will  be  made  to  the  quantity  of  a  nutrient  obtained 
by  the  healthy  breast-fed  infant  who  consumes  adequate 
quantities  of  breast  milk  of  average  nutritive  value.  If  the 
infant  grows  and  develops  at  the  recognized  normal  rate  it  is 
reasonable  to  assume  that  the  amount  of  a  nutrient  obtained 
by  the  infant  is  sufficient  to  meet  its  normal  requirements. 

CALCIUM 

Adequate  supplies  of  calcium  are  necessary  for  the  satis¬ 
factory  calcification  of  bones  and  teeth.  It  will  be  shown 
that  there  is  considerable  evidence  to  suggest  that  the  foetus 
stores  large  amounts  of  calcium  to  help  meet  the  needs  of  the 
tissue  in  post-natal  life.  This  complicates  the  consideration 
of  the  amounts  that  should  be  ingested  by  the  infant. 
Furthermore  only  a  percentage  of  the  calcium  ingested  is 
absorbed.  This  adds  a  further  complication.  Each  of  these 
aspects  will  be  considered  in  detail. 

In  1922  Hamilton^o  advanced  the  hypothesis  that  the  bones 
of  the  foetus  acted  as  a  reservoir  for  calcium,  which  is  stored 
during  the  last  months  of  intra-uterine  life.  Eliot  and  Park^^ 
have  expressed  a  similar  opinion.  Support  for  this  hypo¬ 
thesis  is  found  in  another  direction.  Eliot  and  Park^^  and 
Le  Gros  Clark32  have  reported  that  at  birth  the  shaft  of  the 
long  bones  consists  of  a  closely  meshed  core  of  osseous  tra¬ 
beculae  and  that  the  formation  of  the  marrow  cavity  takes 
place  some  time  after  birth.  Lindblom^s  has  described  the 
radiographic  appearance  of  minute  changes  in  the  ends  of  long 
bones,  which  make  their  appearance  as  early  as  the  third  day 
after  birth.  In  his  opinion  they  are  not  due  to  failure  of 

calcification,  but  rather  to  decalcification  of  existing  bony 
tissue.  ° 
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Hamilton  collected  the  results  of  the  analyses  of  the  calcium 
content  of  lo  full-term  infants  and  found  the  mean  to  be 
8*127  g.  per  kilo  of  body-weight,  with  a  range  extending  from 
5*01  g.  to  10*17  g*  Using  the  average  value  obtained  by 
Hamilton  and  weight  charts  for  Australian  infants, it  is 
possible  to  determine  the  amount  of  calcium  that  an  infant 
of  average  weight  would  require  to  absorb  each  day  in  order 
to  maintain  the  calcium  content  of  the  skeleton  at  the  same 
level  as  at  birth.  The  amounts  are  shown  in  Table  XXXVI. 


Table  XXXVI. — Daily  Calcium  Requirements  of  an  Infant  at  Varying 
Ages  necessary  to  maintain  the  Same  Calcium 
Concentration  as  at  Birth®^ 


Age  in 
Weeks 

Infants’ 

Weight 

Total  Amount  of 
Calcium  in  Body  at 
8-127  Grammes  per 
Kilogram 

Daily  Requirement  of  Calcium 
during  the  Month  necessary 
TO  maintain  Calcium  Level 

AT  Birth 

g- 

g- 

g- 

Birth 

3688 

29-97 

— 

4 

4195 

34-09 

0-147 

8 

4932 

40-07 

0-214 

12 

5613 

45-6 

0-200 

16 

6208 

50*4 

0-172 

20 

6775 

55-0 

0-164 

24 

7314 

59-4 

0-157 

Leitch^“  has  worked  out  similar  figures,  using  the  weight 
charts  of  English  infants. 

Whether  infants  can  obtain  these  amounts  of  calcium  can 
be  determined  by  an  analysis  of  existing  data.  It  has  been 
shown  {see  Chapter  VI)  that  the  calcium  content  of  maternal 
milk  has  a  range  from  17  mg.  to  42  mg.  per  100  ml.,  with  a 
mean  of  nearly  30  ml.  Wake^^  and  others  {see  Leitch^^)  have 
demonstrated  in  breast-fed  infants  that  the  absorption  of 
calcium  from  the  intestinal  tract  varies  from  10  to  70  per  cent 
of  the  calcium  ingested,  with  a  mean  of  45  per  cent.  By 
combining  these  two  sets  of  figures  the  range  of  possible 
absorption  at  different  levels  of  intake  can  be  calculated. 
Three  levels  of  calcium  content  of  human  milk  have  been 
taken  arbitrarily,  which,  expressed  as  mg.  per  100  ml.,  are  . 
low,  22  ;  average,  30 ;  and  high,  36.  Three  levels  of 
absorption  have  been  selected  :  low,  30  per  cent ;  average, 
45  per  cent ;  high,  60  per  cent.  The  results  of  these  calcula¬ 
tions  are  shown  in  Table  XXXVII.  When  the  conditions  are 
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such  that  the  absorption  reaches  the  daily  requirements,  the 
figures  are  shown  in  italics. 

From  these  figures  it  is  apparent  that  during  the  first  three 
months  of  life  all  but  a  small  percentage  of  infants  fail  to 
obtain  sufficient  calcium  to  maintain  the  degree  of  calcifica¬ 
tion  equal  to  that  present  at  birth.  Xhis  deduction  agrees 
with  the  radiographic  findings  and  suggests  that  during  the 
first  three  or  four  months  of  post-natal  life  the  body  reserves 
of  calcium  contribute  a  significant  proportion  of  the  require¬ 
ments  for  the  calcification  of  newly  formed  bone. 

Stearns^'^  has  pointed  out  that  infants  fed  on  full-strength 
cow’s  milk  actually  have  more  calcium  in  their  bodies  between 
8  and  40  weeks  of  life  than  breast-fed  infants,  due  of  course  to 
the  higher  calcium  content  of  cow’s  milk,  even  though  the 
percentage  retention  is  lower  than  that  from  human  milk. 

There  is  no  evidence  to  indicate  that  the  infant  needs  the 
greater  amount  of  calcium  obtained  from  a  diet  of  full- 
strength  cow’s  milk,  but  there  is  no  doubt  that  the  extra 
amount  would  ensure  the  satisfactory  calcification  of  new 
bone,  especially  if  prenatal  storage  had  been  defective.  Wake 
conducted  a  series  of  60  balance  experiments  on  12  breast-fed 
infants  and  followed  the  bone  calcification  by  radiographs 
taken  at  intervals  of  one  month  or  less.  He  found  that  a 
satisfactory  degree  of  calcification  was  maintained  in  infants 
between  i  and  5  months  of  age  whose  calcium  retentions 
were  between  38  mg.  and  137  mg.  per  day.^®  Because  of 
individual  and  periodic  variations  in  the  balance  experiments 
these  limit  figures  are  of  little  value.  The  means  for  each 
age  group  do,  however,  give  an  indication  of  the  average 
calcium  intake  required  to  maintain  calcification.  These, 
together  with  the  average  intakes  which  would  provide  these 
retentions,  are  shown  in  Table  XXXVIII,  which  also  gives  the 
mean  retention  per  kilo  of  body-weight. 

We  have  seen  that  during  the  period  of  most  rapid  growth 
(i.e.,  during  the  first  four  months  of  life)  satisfactory  calcifica¬ 
tion  was  maintained  in  infants  whose  calcium  retention  \Aas 
about  20  mg.  per  kilo  (9  mg.  per  lb.)  of  body-weight.  It  is 
therefore  reasonable  to  assume  that  during  the  periods  ot 
slower  growth  the  requirements  will  be  no  greater.  \\  orking 
on  this  basis  it  is  possible  to  calculate  the  tissue  requirements 
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Table  XXXVIII. — The  Retention  and  Intake  of  Calcium  of  Healthy 
Breast-fed  Infants  whose  Bone  Calcification 
WAS  Satisfactory  {After  Wake^*) 


Month  of 
Age 

Retention 

I.NTAKE 

Total  per 

Day 

Per  Kilogram 
Body-weight 

Total  per 

Day 

Per  Kilogram 
Body-weight 

mg. 

mg. 

mg. 

mg. 

1-2 

75 

00 

(X 

170 

42 

2-3 

90 

19-7 

196 

46 

3-4 

98 

20-2 

194 

42 

4-5 

72 

20-0 

170 

40 

for  calcium  during  the  second  half  of  the  first  year  of  life, 
i.e.,  when  many  infants  will  be  fed  largely  on  cow’s-milk 
mixtures.  These  figures  are  shown  in  Table  XXXIX.  To 
arrive  at  the  figures  for  calcium  intake  it  is  necessary  to  make 
allowances  for  the  relatively  poor  absorption  of  calcium  from 
cow’s  milk.  The  details  of  a  number  of  calcium  balance 
experiments®’  carried  out  on  infants  fed  on  various  cow’s- 
milk  mixtures  reveal  that  except  for  a  few  infants  the  per¬ 
centage  retention  of  calcium  \vas  between  20  and  36  per  cent, 
with  the  mean  about  27  per  cent.  To  calculate  the  calcium 
intake  needed  to  provide  the  tissue  requirements  it  is  necessary 
to  use  the  lower  figure  in  order  to  include  infants  with  a  low 


Table  XXXIX. — Calcium  Retention  and  Intake 
Requirements  of  Artificially  fed  Infants 


Ac*  IN 

Average 

Total  Calcium 
Retention  on  the 

Total  Calcium 

Quantity  of 
Cow’s  Milk 

Weeks 

Weight 

Basis  of  q  mg. 

Intake 

NEEDED  TO 

- -  -  - 

PER  POU.ND 

(5  X  Retention) 

SUPPLY  Calcium 

24-26 

26-28 

28-30 

30-32 

32-34 

34-36 

36-38 

38-40 

40-42 

42-44 

44-46 

46-48 

48-50 

50-52 


Ib. 

16 

16 

17 

17 

18 
18 

18 

19 
19 

19 

20 
20 


oz. 

3 

9 

3 

I 

o 

7 

13 

3 
9 

15 

4 
9 


20  15 

21  4 


mg. 

146 

149 

155 

158 

162 

166 

169 

173 

176 

179 

182 

185 

188 

191 


mg. 

730 

745 

775 

790 

810 

836 

845 

865 

880 

895 

910 

925 

940 

955 


OZ. 

20-8 

21-3 

22’I 

22-6 

23- 1 
23-8 

24- 1 

24- 7 

25- 1 

25 - 6 

26- 0 

26- 4 
268 

27- 2 
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percentage  retention  of  calcium.  The  intake  requirements  of 
calcium  at  various  ages  are  set  out  in  Table  XXXIX,  which 
also  shows  the  quantity  of  cow’s  milk  needed  to  supply  the 
amount  of  calcium. 


PHOSPHORUS 

Phosphorus  is  required  by  both  the  hard  and  soft  tissues. 
In  bones  and  teeth  it  is  in  association  with  calcium  and  in 
soft  tissues  with  nitrogen  in  the  muscles  and  glands.  The 
ratio  of  calcium  to  phosphorus  in  bone  in  the  young  infant  is 
about  2-1  :  and  the  ratio  of  nitrogen  to  phosphorus  in  soft 

tissue  is  about  17  :  i.^  In  the  full-term,  well-nourished 
newborn  infant,  about  80  per  cent  of  the  phosphorus  is  in  the 
skeleton. 

From  these  data  it  is  possible  to  calculate  the  phosphorus 
requirements  of  the  infant  at  various  ages,  in  both  absolute 
amounts  and  in  relation  to  the  calcium  and  nitrogen  intake. 

Stearns  discussed  this  subject  at  some  length^®  and  showed 
that  for  optimal  growth  a  calcium  to  phosphorus  retention  of 
1*5  :  I  is  desirable.  When  the  ratio  falls  below  this  figure 
soft  tissues  grow  more  rapidly  than  bone,  thus  producing  the 
conditions  most  suitable  for  the  development  of  rickets.^® 

The  phosphorus  requirements  of  the  infant  could  be  given 
in  absolute  values,  but  in  view  of  the  above  it  seems  more 
desirable  to  express  it  as  a  ratio  of  the  calcium  intake.  In 
human  milk  the  ratio  of  calcium  to  phosphorus  is  approxi¬ 
mately  2:1.  The  ratio  of  the  retention  of  calcium  to 
phosphorus  in  breast-fed  infants  has  been  found  by  various 
investigators  to  be  in  the  vicinity  of  i‘5  • 

The  calcium  :  phosphorus  content  of  cow’s  milk  is  about 

1-25  :  I.  The  ratio  of  the  retention  of  calcium  to  phosphorus 

in  infants  fed  on  whole  cow’s  milk  has  been  found  to  extend 
from  about  i  :  i  to  2  :  i  ;  the  mode  is  about  i-6  :  i.  On 
this  basis  the  phosphorus  requirements  of  infants  would  be 
from  12  mg.  to  14  mg.  per  kilo  of  body- weight  per  day. 

IRON 

The  newborn  full-term  infant  brings  considerable  quantities 
of  iron  with  it  from  its  foetal  existence.  It  has  been  com¬ 
puted  that  the  iron  content  at  birth  is  from  300  to  400  mg. 
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Formerly  it  was  thought  that  a  high  percentage  of  this  was 
stored  in  the  liver  of  the  newborn  infant, but  it  is  now 
recognized  that,  at  birth,  most  of  the  iron  is  in  the  red  blood- 
cells  and  that  not  more  than  6o  mg.  are  in  the  liver.^^ 

At  birth  the  red  blood-cell  count  is  high,  about  7,000,000 
per  c.mm.,  and  the  haemoglobin  level  is  also  high,  being  from 
15  to  20  g.  per  100  c.c.  The  foetal  state  is  a  response  to  the 
low  oxvgen  tension  of  foetal  blood,  for  the  placenta  is  a  poor 
medium  for  the  oxygenation  of  blood  {see  Chapter  III). 
Shortly  after  birth,  the  excess  of  red  blood-cells,  being  no 
longer  required,  commences  to  be  destroyed.  The  results 
of  a  number  of  studies  show  that  this  process  continues  at  a 
fairly  steady  rate  during  the  first  month  of  life.®^"®®  The 
rapid  destruction  is  sometimes  seen  in  the  physiological 
jaundice  of  the  newborn. 

The  iron  thus  released,  amounting  to  some  150-180  mg.,^^ 
is  carried  in  the  plasma  to  the  liver  and  other  storage 
depots.  So  far  as  I  know,  a  study  has  not  been  made  of 
the  serum-iron  levels  of  the  infant  during  the  first  month 
of  life.  If  high  values  are  found  they  would,  perhaps,  offer  an 
explanation  for  the  negative  iron  balances  reported  by  a 
number  of  investigators.^^’  Beck^®  found  that  the  iron 

excretion  increased  from  the  second  day  after  birth  and 
continued  until  the  end  of  the  sixth  week.  This  period 
corresponds  with  the  progressive  fall  in  red  cells  and  haemo¬ 
globin  values. Studies  of  the  mechanism  of  iron  absorp¬ 
tion  in  recent  years  suggest  that  the  intestinal  mucosa  may 
contain  a  compound  capable  of  combining  with  iron  and 
regulating  the  absorption.^®  It  has  been  postulated  that  a 
high  concentration  in  the  intestine  can  force  iron  through  the 
intestinal  wall  into  the  blood.®®  It  is  possible  that  high 
plasma-iron  levels  could  operate  in  the  reverse  direction. 
The  low  iron  content  of  both  human  and  cow’s  milk  means 
low  concentrations  of  iron  in  the  intestines.  Almost  all  iron 
balance  experiments  made  on  young  infants  have  shown 
negative  balances  during  the  first  two  to  three  months  of  life. 
After  this  age  the  majority  of  both  breast-fed  and  artificiallv 
fed  infants  show  positive  balances. 

In  the  light  of  the  studies  of  the  mechanism  of  iron  absorp¬ 
tions,  ®>  ®®  It  IS  doubtful  if  positive  iron  retention  can  be 
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effected  within  the  first  two  to  three  months  of  life  without 
giving  large  doses  of  iron,  which  might  well  disturb  the 
infant’s  digestive  mechanism. 

The  results  of  several  studies  in  England®®  on  breast-fed  and 
artificially  fed  infants,  some  of  whom  were  given  medicinal 
iron  from  2  months  of  age  onward,  are  important.  The 
average  hemoglobin  of  the  breast-fed  at  every  age  was  slightly 
higher  than  the  artificially  fed  infants,  but  substantially  lower 
than  the  artificially  fed  infants  given  medicinal  iron.  This 
suggests  that  a  better  state  of  nutrition  in  young  infants  can 
be  achieved  by  the  intake  of  iron  in  addition  to  that  present 
in  either  human  or  cow’s  milk. 

The  dose  of  iron  (as  ferri  ammonium  citrate)  was  varied 
from  about  45  mg.  to  90  mg.  per  day,  and  was  well  above  the 
amounts  found  by  Stearns  and  Stinger®^  as  necessary  to 
ensure  a  positive  iron  balance  in  infants  of  approximately  the 
same  age.  These  authors  concluded  that  an  intake  of  0-5  mg. 
per  kilo  body-weight  ensures  retention,  whereas  an  intake  of 
I  to  1-5  mg.  per  kilo  permits  ample  retention.  In  their 
experience,  the  same  degree  of  retention  was  achieved  with 
iron  as  food,  as  in  eggs  and  vegetables,  or  as  ferri  ammonium 
citrate. 

Premature  Infants. — Numerous  observers®®-  ®2-®®  have 
reported  the  development  of  anaemia  in  premature  infants. 
Levine  and  Gordon®®  have  listed  six  possible  factors  con¬ 
tributing  to  the  susceptibility  of  premature  infants  to  develop 
anaemia,  namely  : — 

1 .  Deficient  storage  ; 

2.  Immaturity  of  blood-forming  centres  ; 

3.  Increased  destruction  of  the  embryonic  type  of  red 

cells  ; 

4.  Rapidity  of  growth,  with  its  increased  demands  ; 

5.  Blood  dilution  ; 

6.  Susceptibility  to  extraneous  factors,  especially  infec- 

tion. 

Steps  that  could  be  taken  in  the  post-natal  period  would  not 
prevent  the  four  primary  factors  from  operating,  and  thus  it 
seems  that  the  premature  infant  is  doomed  to  develop  a 
degree  of  anemia.  This  is  confirmed  by  the  observation  of 
Josephs®®  that  the  administration  of  iron  from  birth  has  no 
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effect  on  the  development  of  anaemia  in  the  first  six  to  ten 
weeks  of  life.  Active  measures,  in  the  nature  of  medicinal 
iron,  can  limit  the  duration  and  speed  the  recovery  when 
administered  from  about  the  sixth  week.  The  requirements 
of  the  premature  infant  for  iron  from  this  period  onwards 
are  probably  only  slightly  in  excess  of  those  of  the  full-terni 
infant.  Satisfactory  haemoglobin  levels  have  been  achieved 
in  infants  nine  to  ten  months  of  age  on  daily  doses  of  lo  mg. 
of  iron. 

OTHER  MINERALS 

Extensive  studies  have  not  been  made  into  the  require¬ 
ments  by  infants  of  other  minerals. 

VITAMIN  A 

The  newborn  infant  has  appreciable  quantities  of  vitamin  A 
stores  in  the  liver  {see  Chapter  IV).  From  the  results  of 
their  studies  Henley  and  his  co-workers  calculated  that  the 
average  vitamin-A  content  of  the  whole  liver  in  mature 
infants  is  about  40,000  i.u.  and  in  premature  infants  approxi¬ 
mately  2,000  i.u. 

Data  on  the  physiological  requirements  of  infants  for 
vitamin  A  are  extremely  vague.  The  reservoir  in  the  liver 
prevents  the  application  of  balance  experiments.  This  is  one 
nutrient  where  it  is  necessary  to  turn  to  the  vitamin  content 
of  human  milk  as  a  guide  to  the  requirements  of  the  infant. 

I'he  vitamin-A  activity  of  human  milk  is  due  to  both 
vitamin  A  and  the  provitamin  carotene.  Macy  and  her 
co-workers®®  found  the  average  vitamin-A  content  of  human 
milk  to  be  260  i.u,  per  100  c.c,,  with  a  range  of  130  to  560  i.u. 
The  corresponding  figures  for  the  vitamin-A  activity  of  the 
carotenoids  were  10  and  5-22  i.u.  Thus  the  total  vitamin-A 
activity  of  mature  milk  is  about  270  i.u.  per  100  c.c.,  with  a 
range  extending  from  135  to  570  i.u.  If  these  values  are 
translated  into  daily  intake  as  would  be  provided  by  the 
average  consumption  of  milk  the  figures  in  Table  XL  are 
obtained. 

d'he  Technical  Commission  of  the  Health  Committee  of 
the  League  of  Nations^^  in  its  report  on  the  Physiological 
Basis  ot  Nutrition  recommended  3  g.  of  cod-liver  oil.  The 
vitamin- A  potency  of  this  quantity  would  varj^  from  1800  to 
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Breast-fed  Infants 


Age  of  Infant 


Average  Daily  Daily  Intake  of  Vitamin  A 
Consumption - 


OF  Milk 


Average  Range 


End  of  I  St  week 
End  of  2nd  week 
End  of  3rd  week 
End  of  8th  week 
End  of  1 6th  week 


oz. 


i.u. 


i.u. 


15-0 

180 

22-5 

27-0 

33-5 


1155 

1390 

1730 

2080 

2580 


580-2240 
690-2930 
870-3670 
I 040-4400 
1290-5460 


3000  i.u.  In  this  regard  it  must  be  appreciated  that  the 
cod-liver  oil  was  recommended  primarily  as  the  source  of 
vitamin  D.  There  is  no  evidence  to  suggest  that  the  amount 
of  vitamin  A  provided  by  3  g.  of  cod-liver  oil  is  necessarily 
the  physiological  requirement  of  infants. 

The  Food  and  Nutrition  Board  of  the  National  Research 
Council  of  America^®  set  the  recommended  allowance  of 
vitamin  A  for  infants  under  i  year  at  1500  i.u.  per  day.  Lydia 
Roberts,  discussing  these,  admitted  that  the  figure  for  vita¬ 
min  A  was  without  scientific  basis. 

The  committee  selected  a  figure  for  vitamin  A  from  their 
clinical  experience.  Although  Roberts  did  not  give  the 
reasons  which  prompted  the  committee  to  select  1500  i.u., 
it  is  possible  that  the  members  of  the  committee  were  influ¬ 
enced  by  the  vitamin-A  content  of  human  milk  and  by  the 
amount  of  vitamin  A  provided  by  the  dosage  of  cod-liver  oil 
usually  given  as  an  antirachitic. 

On  the  basis  of  the  vitamin-A  content  of  human  milk,  it 
is  reasonable  to  assume  that  1 500  i.u.  per  day  will  fulfil  the 
requirements  of  the  normal  healthy  infant. 


VITAMIN  D 


The  term  vitamin  D  is  now  used  to  cover  a  group  of  some 
ten  or  eleven  distinct  but  closely  related  compounds  that 
have  been  showm  to  have  antirachitic  properties.  The  anti¬ 
rachitic  intensity  of  these  products  varies  widely. 

Chemically,  ‘  vitamin  D  ’  substances  are  activated  sterols. 
Sterols  are  complex  substances  of  large  molecular  weight  and 
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complicated  structure  often  closely  associated  with,  but  not 
related  to,  the  fats  in  plant  and  animal  tissue.  Certain  stero 
when  exposed  to  ultra-violet  radiation  undergo  a  change  in 
their  structure  with  the  formation  of  new  substances  which 
are  antirachitic.  At  least  two  activated  sterols  are  of  impor¬ 
tance  in  the  nutrition  of  infants  and  children— namely,  acti¬ 
vated  7-dehydro-cholesterol  and  activated  ergosterol  (calci- 


Activated  7-dehydro-cholesterol  is  formed  from  cholesterol, 
a  common  sterol  found  in  the  tissue  fats  of  man,  animals, 
and  birds.  It  is  believed  that  this  form  of  the  vitamin  is 
formed  by  the  action  of  sunlight  on  the  cholesterol  present 
in  the  skin,  on  the  hair  of  animals,  and  the  feathers  of  birds. 
It  is  the  natural  form  of  vitamin  D  in  the  body  of  humans, 
animals,  and  birds.  All  the  evidence  available  indicates  that 
man  {Hotno  sapiens),  including  his  infants  and  children,  has, 
during  the  long  evolution  from  the  prehuman  forms,  obtained 
the  major  part  of  his  vitamin-D  requirements  from  the  action 
of  sunlight  upon  the  skin. 

To  dwell  for  a  moment  on  this  thought  is  to  realize  that  it 
is  only  within  historical  times  that  man  has  covered  appreci¬ 
able  areas  of  his  body  first  with  skins  and  later  with  raiment. 
This  is  but  a  small  fraction  of  the  time  required  for  man  to 
evolve  from  the  more  primitive  forms.  During  this  short 
space  of  time  he  has  had  to  obtain  his  requirements  of  vita¬ 
min  D  by  sun  exposure  or  by  special  concentrated  forms  of 
vitamin  D  taken  by  mouth.  It  is  only  in  the  last  few  centuries 
that  man  has  discovered  satisfactory  oral  sources  of  vitamin  D. 
At  first  these  sources  were  eaten  without  any  knowledge  of 
the  reason  why  they  prevented  bone  deformities,  for  it  is 
only  during  this  century  that  science  has  demonstrated  that 
the  oil  of  the  cod,  and  especially  that  from  the  liver  of 
the  cod,  is  rich  in  vitamin  D.  For  centuries  those  races  liv¬ 
ing  in  the  arctic  and  semi-arctic  regions  have  undoubtedly 
obtained  a  major  part  of  their  vitamin-D  requirements  from 
the  oil  of  the  cod. 

In  Chapter  VI  reference  has  already  been  made  to  the 
relatively  low  vitamin-D  content  of  human  milk  and  to  the 
fact  that  a  high  intake  of  vitamin  D  by  the  mother  does  not 
increase  the  vitamin-D  content  of  the  milk.  This  confirms 
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the  speculation  advanced  earlier  that  the  breast-fed  infant 
must  obtain  some  of  its  requirement  of  vitamin  D  from 
sources  other  than  breast  milk.  Prehistoric  infants  and  the 
infants  of  primitive  peoples  living  in  a  semi-nude  state  obtain 
a  high  percentage  of  their  vitamin  D  by  the  action  of  sunlight 
on  the  skin.  Infants  of  civilized  nations  can,  if  given  the 
opportunity,  obtain  enough  vitamin  D  from  the  same  source 
to  augment  that  present  in  either  breast  milk  or  cow’s  milk.^e 

Because  no  satisfactory  method  exists  for  the  measurement 
of  the  vitamin  D  produced  by  the  irradiation  of  the  skin  with 
sunlight,  it  is  difficult,  if  not  impossible,  to  assess  the  vitamin-D 
requirements  of  infants.  An  infant  scarcely  exists  in  any 
community  who  does  not  benefit  to  some  extent  from  the 
effects  of  either  sunlight  or  skylight — even  the  latter  is  capable 
of  the  synthesis  of  vitamin  D.®®  Any  vitamin  D  given  by 
mouth  must  therefore  supplement  that  obtained  by  sun 
exposure. 

Infants  given  half-an-hour’s  exposure  in  sunlight  to  approxi¬ 
mately  half  the  body  between  9  a.m.  and  10  a.m.  summer  and 
between  ii  a.m.  and  12  noon  in  winter  in  Sydney  apparently 
obtained  enough  vitamin  D  to  ensure  optimal  absorption  of 
calcium  from  the  intestines.  Wake  found  that  additional 
vitamin  D  given  by  mouth  did  not  increase  the  percentage  of 
calcium  absorbed.®® 

So  far  as  is  known,  no  attempt  has  been  made  to  determine 
the  minimum  duration  of  exposure  necessary.  This  must,  of 
course,  vary  with  season  of  the  year,  latitude,  amount  of  dust 
in  the  atmosphere,  elevation  above  sea-level,  etc. 

Jeans  and  Stearns®®  believe  that  there  is  an  optimal  vita¬ 
min-D  intake  for  the  prevention  of  rickets  and  suggests  that 
the  dosage  should  not  exceed  400  i.u.  per  day.  This  opinion 
is  based  on  clinical  observations  of  the  progress  of  infants. 
Jeans’  work  has  shown  that  if  infants  are  given  high  concen¬ 
trations,  c.g.,  2000  I.U.,  calcification  is  actually  retarded  and 
not  assisted. 

Individual  workers  and  organizations  have  suggested  greater 
amounts  of  vitamin  D.  A  sub-committee  of  the  British 
Paediatric  Association,  under  the  chairmanship  of  Sir  Wilfred 
Sheldon,  drew  up  a  report  which,  after  considering  the 
evidence  available,  recommended  700  i.u.  per  day  for  full-term 
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infants  and  children  up  to  5  years  of  age  and  1400  i.u.  for 
premature  infants  under  5^  lb.  in  weight. 

The  Food  and  Nutrition  Board  of  the  National  Research 
Council  of  the  United  States  of  America^®  recommended 
from  400  to  800  i.u.  of  vitamin  D  per  day. 

In  the  absence  of  any  confirmatory  reports,  it  is  not  possible 
to  derive  a  narrower  margin  than  400-800  i.u.  of  vitamin  D 
per  day. 

VITAMIN  K 

A  group  of  scientists  of  the  State  University  of  Iowa'® 
found  that  i  pg.  of  vitamin  K  given  to  infants  as  a  maintenance 
dose  from  the  first  day  of  life  was  sufficient  to  maintain  the 
prothrombin  at  the  normal  level. 

Salomonsen’i"'^  showed  that  30-60  c.c.  of  milk  daily  was 
sufficient  to  keep  prothrombin  at  the  desirable  level. 

Thus  it  seems  that  as  soon  as  the  milk  supply  is  established 
the  normal  infant  obtains  enough  vitamin  K. 


VITAMIN  E 

There  is  no  evidence  that  the  human  infant  requires 
vitamin  E. 

THIAMINE 

Although  a  number  of  balance  experiments  have  been 
made  on  infants'^  with  the  object  of  determining  the  thiamine 
requirements,  the  results  must  be  interpreted  with  extreme 
caution.  The  fact  that  some  intestinal  bacteria  utilize 
thiamine  and  others  synthesize  the  vitamin,  complicates 
balance  experiments.  It  seems  that  the  vitamin  content  of 
milk  from  well-fed  healthy  women  is  a  more  reliable  basis 
on  which  to  calculate  the  requirement  of  infants  for  the 
vitamin. 

The  thiamine  content  of  human  milk  was  discussed  in 
detail  in  Chapter  VI.  The  maximum  values  which  follow 
high  thiamine  intakes  are  in  the  vicinity  of  20  pg.  per  100  c.c. 
(5-6  pg.  per  oz.).  If  this  value  is  translated  into  the  daily 
intake  that  would  be  provided  by  the  average  consumption 
of  milk,  the  figures  m  Table  XU  are  obtained. 

In  view  of  the  fact  that  thiamine  is  concerned  with  the 
metabolism  in  the  body  of  the  non-fat  calories,  it  is  customarv 
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Table  XLI. — Thiamine  Intake  of  Breast-fed  Infants 
{^Maximum  Thiamine  Content  of  Milk) 


Age 

Average  Daily 
Consumption  of 
Breast  Milk 

Maximum 
Daily  Intake 
OF  Thiamine 

OZ. 

ttg- 

End  of  4th  week 

20-0 

112 

End  of  8th  week 

25-0 

140 

End  of  1 2th  week 

30-0 

168 

End  of  ^6th  week 

32-5 

182 

End  of  26th  week 

35-0 

196 

to  express  the  thiamine  requirements  in  both  absolute  values 
and  as  a  ratio  of  the  non-fat  calories.  The  data  relating  to 
human  milk  were  summarized  by  Slater  and  Rial'®  when  they 
pointed  out  that  for  the  first  two  months  of  life  the  infant 
apparently  requires  less  thiamine  from  milk,  due  no  doubt 
to  the  accumulated  body  reserves.  The  average  infant  grows 
well  on  milk  which  contains  on  the  average  about  15  [xg.  per 
100  ml.  The  thiamine  :  non-fat  calorie  ratio  of  this  milk  is 
0-45.  It  was  found^®-  that  when  the  average  thiamine 
intake  fell  below  about  ii  [xg.  per  100  ml.  (thiamine: 
non-fat  calorie  ratio  0-36)  there  was  some  interference  with 
the  regular  growth  of  the  infant.  As  the  thiamine  :  non-fat 
calorie  ratio  of  the  milk  from  women  consuming  high  intakes 
of  thiamine  is  about  0-62,  it  can  be  assumed  that  this  repre¬ 
sents  the  highest  possible  demands  by  the  normal  infant  tor 

thiamine. 


ASCORBIC  ACID 

The  newborn  infant  brings  some  stores  of  ascorbic  acid 
with  it  from  its  fcetal  existence.  Although  one  authentic  case 
of  congenital  scurvy  has  been  recorded,'*  the  onset  of  most 
cases  o^f  infantile  scurvy  is  delayed  until  the  infant  is  about 

three  months  old,  suggesting  the  presence  “f  ^ 

meet  requirements  for  this  time  even  on  a  diet  comple  . 

'Tte  all'iciw‘content  of  human  milk  fluctuates  within 
wide  limits  and  reflect  v-Y  “ 

has  been  found  to  have  10  mg.  per  100  m  . 
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these  results,  breast-fed  infants  will  receive  from  to  mg.  to 
40  mg.  ascorbic  acid  daily,  depending  on  the  age  of  the  infant 

and  the  concentration  in  the  milk. 

Assuming  an  average  concentration  of  5  mg.  per  100  mW 
the  breast-fed  infant  consuming  average  quantities  ot  milk 
would  obtain  the  following  amounts  of  ascorbic  acid 


Age 

End  of  4th  week 
E;nd  of  8th  week 
End  of  1 2th  week 
End  of  1 6th  week 
End  of  26th  week 


Average  Daily 
Consumption  of 
Breast  Milk 


20-0  oz. 
25-0  oz. 
30-0  oz. 
32-5  oz. 
35-0  oz. 


Maximum  Daily 
Intake  of 
Ascorbic  Acid 

28  mg. 

35  mg- 
43  mg. 

46  mg. 

51  mg. 


With  these  figures  as  a  basis  it  is  permissible  to  suggest  that 
the  ascorbic-acid  requirements  of  the  artificially  fed  infants 
e.xtend  from  30  mg.  to  50  mg.  per  day. 
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Chapter  XI 

THE  APPLICATION  OF  THE  PRINCIPLES 

I.  THE  NORMAL  BREAST-FED  INFANT 

It  is  the  birthright  of  every  infant  to  be  breast-fed.  This  is 
not  always  possible  and,  thanks  to  the  development  in  our 
knowledge  of  artificially  feeding,  breast  feeding  is  not  now 
essential  for  life  as  it  was  a  century  ago  and  as  it  is  amongst 
primitive  peoples  to-day.  The  composition  of  human  milk 
and  the  presence  of  immune  bodies  {see  p.  75)  still  gives  it 
No.  I  priority  as  the  food  for  the  normal  full-term  infant. 

The  health  and  the  state  of  nutrition  of  the  expectant 
woman  influence  her  capacity  to  feed  her  infant,  and  both  of 
these  factors  have  a  significant  effect  upon  the  quantity  and 
quality  of  milk.  A  few  women,  by  virtue  of  some  inherent 
characteristics  which  are  as  yet  unexplained,  secrete  a  milk 
which  is  always  low  in  either  fat  or  protein.  Occasionally  the 
poor  quality  of  the  milk  from  women  in  this  class  makes  it 
unsuitable  for  the  infant,  who  would  under  the  circumstances 
be  better  fed  on  a  cow’s  milk  mixture.  The  amounts  of  some 
of  the  minerals  in  human  milk  depend  on  the  health  and  state 
of  nutrition  of  the  woman  ;  similarly  the  vitamin  content 
follows  closely  the  vitamin  intake.  Thus  these  two  groups  of 
constituents  depend  much  on  the  level  of  maternal  diet. 

The  breast  will  reduce  the  quantity  of  milk  secreted  rather 
than  the  quality  if  circumstances  of  the  maternal  metabolism 
limit  the  supplies  of  the  raw  materials  needed  for  milk  manu¬ 
facture.  Thus  it  is  important  to  realize  that  the  vast  majority 
of  breast-fed  infants  who  fail  to  gain  weight  at  a  satisfactory 
rate  do  so  because  the  quantity  of  breast  milk  is  inadequate. 
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During  the  last  twenty-five  years  ‘  test  feeds  ’  have  been 
used  widely  as  a  measure  of  whether  the  infant  is  obtaining 
enough  food.  As  a  rule  the  test  is  limited  to  one  feed.  If 
the  infant  is  found  to  obtain  at  this  feed  an  amount  within 
the  normal  range  for  a  single  feed  at  that  time  of  the 
day,  the  quantity  it  gets  in  twenty-four  hours  is  judged  to  be 
adequate. 

This  is  an  erroneous  approach  to  the  whole  problem  of  infant 
feeding,  it  ignores  the  wide  variations  in  the  composition  of 
human  milk  from  different  women  and  from  the  same  woman 
at  different  times  of  the  day,  and  it  ignores  the  considerable 
fluctuations  in  the  amounts  of  milk  consumed  by  infants  at 
different  times  and  under  different  circumstances.  The 
practical  guide  to  the  quality  and  especially  the  quantity  of 
milk  obtained  by  the  infant  is  whether  it  is  gaining  weight  at 
a  rate  equal  to  the  average  infant  of  its  age.  If  its  health  is 
otherwise  satisfactory  and  it  is  not  gaining  weight  at  this  rate 
the  explanation  in  almost  every  instance  would  be  insufficient 
breast  milk.  In  these  cases  a  supplement  of  cow’s  milk 
mixture  should  be  started  without  delay.  This  enables  the 
infant  to  maintain  growth  and  thus  to  apply  fully  the  natural 
stimulating  force  to  the  secretion  of  milk. 

The  two  nutrients  in  human  milk  most  easily  influenced  by 
the  maternal  intake  are  thiamine  and  ascorbic  acid.  Symptoms 
of  partial  thiamine  deficiency  on  breast-fed  infants  have  been 
described^  as  failure  to  gain  in  weight  at  the  normal  rate, 
constipation,  and  vomiting.  It  is  admitted  that  these  symp¬ 
toms  are  common  occurrences  in  infancy,  but  where  they  are 
due  to  partial  thiamine  deficiency,  improvement  occurs  within 
a  few  days  upon  the  administration  of  thiamine  either  to  the 
mother  or  the  infant.  Coupled  with  these  symptoms  is  a  low 
thiamine  content  of  the  maternal  milk. 

The  low  level  to  which  the  ascorbic-acid  content  of  human 
milk  can  fall  is  an  indication  of  the  relationship  of  maternal 
diet  to  milk  values.  Although  a  case  of  scurvy  has  not  been 
reported  in  breast-fed  infants,  I  have  seen  a  number  of  infants 
whose  growth-rate  and  general  health  have  been  greatly 
improved  by  the  administration  of  additional  ascorbic  acid. 
In  these  cases  the  human  milk  contained  2  mg.  or  less  per  100 
ml.  of  ascorbic  acid. 
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Attention  has  already  been  drawn  to  the  fact  that  some 
women  persistently  secrete  a  milk  low  in  protein,  and  so  far 
as  is  known  a  study  has  not  been  made  of  the  effects  of  this  type 
of  milk  on  the  health  of  the  infant.  However,  it  is  well  known 
that  the  skeletal  musculature  of  some  breast-fed  infants  is  soft 
and  flabby,  a  condition  that  can  be  improved  by  giving  addi¬ 
tional  protein  to  the  infant.  Further  work  is  required  to  relate 
these  two  observations.  Paediatricians  have  not  considered 
it  necessary  to  give  the  healthy  breast-fed  infant  additional 
protein  to  overcome  soft  musculature. 

The  question  of  regularity  and  frequency  of  feeds  will  be 
dealt  with  later. 

The  problem  of  supplements  for  the  breast-fed  infant  is 
important.  These  will  be  considered  under  three  headings  : 
(a)  A  complement  to  augment  the  breast  milk  when  inade¬ 
quate  ;  (b)  Supplements  of  vitamins  and  minerals  ;  and  (c) 
'Phe  introduction  of  the  educational  diet. 

The  Complement. — As  has  already  been  stated  the 
criterion  for  the  introduction  of  a  complement  is  that  the 
otherwise  healthy  infant  is  not  gaining  in  weight  at  a  rate 
equal  to  normal.  If  this  persists  over  a  period  of  two  to  three 
weeks  a  complement  should  be  commenced  irrespective  of 
the  results  of  test  feeds. 

The  complement  should  be  a  cow’s  milk  formula  and  not 
a  cereal.  A  practice  has  grown  up  in  the  last  few  years  of 
giving  the  older  breast-fed  infant  a  cereal  supplement  when 
the  circumstances  really  call  for  a  milk  complement.  Until 
the  age  of  seven  to  eight  months  the  food,  other  than  milk, 
given  to  the  infant  should  be  considered  as  educational  and 
should  not  be  used  to  replace  milk.  The  cereal  provides  the 
necessary  calories  needed  to  stimulate  growth,  but  because  of 
its  relatively  high  phosphorus  content  it  upsets  the  calcium  : 
phosphorus  ratio  and  so  interferes  considerably  with  the 
absorption  of  calcium.  These  aspects  of  the  problem  will 
be  considered  in  the  next  section. 

I'he  formula  used  for  the  cow’s-milk  mixture  should  be 
the  same  as  that  for  an  infant  of  the  same  age  who  is  artificially 
fed  (see  p.  213).  The  quantity  will  depend  upon  the  infant’s 
requirements.  It  should  be  offered  at  first  at  these  feeds 
when  the  breast  supply  is  usually  at  its  lowest,  i.e.,  at  the  noon 
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and  early  evening  meals  ;  later  it  may  have  to  be  offered  at  all 
feeds. 

Vitamin  and  Mineral  Supplements. — The  use  of 

vitamin  and  mineral  supplements  for  infants  has  increased 
considerably  in  the  last  ten  years,  mainly  as  a  result  of  publicity 
from  the  distributors  of  these  products.  To  what  extent  are 
vitamin  and  mineral  supplements  necessary  ?  From  the  facts 
presented  in  the  previous  chapter  it  is  apparent  that  the 
normal  breast-fed  infant  of  the  healthy  well-nourished 
woman  does  not  require  mineral  or  vitamin  supplements, 
with  the  possible  exception  of  vitamin  D.  However,  in  the 
interests  of  the  education  of  the  infant  to  various  tastes  and 
textures  of  food,  it  is  desirable  to  give  orange  juice  from  an 
early  age. 

Sources  of  vitamin  D,  other  than  human  milk,  are  the  action 
of  sunlight  on  the  skin  of  the  infant  and  a  vitamin  concentrate 
given  by  mouth.  In  summer  and  early  autumn  the  majority 
of  infants,  other  than  those  living  in  colder  regions  of  the 
world,  should  be  able  by  appropriate  sun  exposure  to  obtain 
their  full  requirements  of  vitamin  D.  In  winter  and  spring, 
except  in  tropical  and  sub-tropical  regions,  the  cold  windy 
weather  may  prevent  the  baby  from  enjoying  enough  sun 
exposure  on  its  bare  skin  to  synthesize  adequate  supplies  of 
vitamin  D,  and  so  it  is  a  wise  procedure  to  give  normal  breast¬ 
fed  infants  a  supplement  of  vitamin  D  during  these  seasons 
of  the  year.  The  amount  of  the  supplement  given  should  be 
such  that  the  dose  of  vitamin  D  is  about  200  i.u.  per  day. 
Although  the  daily  requirements  are  probably  in  the  vicinity  of 
400  i.u.,  it  must  not  be  forgotten  that  the  infant  gets  some, 
up  to  100  i.u.,  from  maternal  milk,  and  that  unless  shut  up 
continuously  in  a  dark  house  it  must  get  some  from  the  action 
of  sunlight  and  skylight  on  the  skin.  Jeans  and  Stearns 
have  shown  that  definite  risks  are  associated  with  overdosage. 

There  is  no  need  for  the  healthy  breast-fed  infant  to  be  given 
supplements  of  any  other  vitamin  providing  the  mother’s 
diet  is  adequate  and  well  balanced  and  contains  about  75  mg. 

of  ascorbic  acid.  ... 

The  only  mineral  that  should  claim  our  attention  ‘S  iron 

Theoretically  the  healthy  full-term  breast-fed  infant  should 
not  need  additional  iron,  but  the  striking  results  reported  by 
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Mackay  and  her  co-workers^  suggest  that  all  infants  will 
benefit  from  small  doses  of  iron  from  the  third  month  onward. 
I  he  explanation  is  undoubtedly  to  be  found  in  the  effect  of 
infection,  even  mild  conditions,  on  the  immobilization  of  iron. 
Many  paediatricians^’  ^  are  now  satisfied  that  infections  are 
the  principal  cause  of  the  anaemia  of  infancy.  These  facts 
suggest  that  all  infants  should  be  given  as  a  routine  a  small 
dose  of  iron.  About  i  mg.  per  kilo  body-weight,  that  is, 
from  six  to  ten  mg.  (i  gr.  a  day)  of  ferrous  sulphate  is  ample. 
Following  severe  illnesses  the  dose  should  be  larger  {see 
p.  238). 

Educational  Diet. — ''Fhere  is  a  marked  tendency  to  assume 
that  the  breast-fed  infant  who  is  growing  normally  does  not 
require  anything  but  breast  milk  and  perhaps  a  vitamin  D 
supplement,  until  the  time  has  come  for  it  to  be  weaned. 
This  line  of  action  arises  from  the  belief  that  the  principal 
purpose  of  semi-solid  and  solid  food  in  the  diet  of  the  young 
infant  is  to  augment  the  supply  of  calories  and  nutrients,  and 
that  the  early  acquaintance  of  the  foods  by  the  infant  for 
educational  purposes  is  a  minor  reason  for  the  additional  food. 

On  physiological  grounds  the  reverse  should  be  the  case  ; 
the  infant  should  receive  the  full  quota  of  milk  because  it 
contributes  a  high  percentage  of  the  protein  and  calcium 
requirements.  Cereals  and  other  foods  should  not  be  given 
to  the  infant  under  seven  to  eight  months  of  age  with  the 
sole  object  of  increasing  the  weekly  weight  increments. 

To  delay  the  introduction  to  the  breast-fed  infant  of  an 
educational  diet  until  the  infant  is  eight  or  nine  months  of 
age  ignores  the  normal  sequence  of  the  development  of  the 
sensations  of  the  taste  and  the  texture  of  food  which  have 
been  outlined  in  Chapter  \  IF  For  various  reasons  cereals 
and  other  semi-solid  foods  are  more  frequentlv  given  to  arti¬ 
ficially  fed  infants  at  an  earlier  age  than  they  are  given  to 
breast-fed  infants. 

The  stages  of  development  of  the  infant  suggest  that  some¬ 
where  between  the  third  and  fifth  months  most  infants  are 
capable  of  distinguishing  differences  in  the  character  and 
texture  of  foods.  Hard-and-fast  rules  cannot  be  laid  down 
for  the  age  at  which  the  educational  diet  should  be  commenced 
for  although  infants  will  take  thickened  feedings  at  four  months 
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^ey  are  generally  slow  and  not  very  helpful  at  that  early  age. 
bven  small  amounts  of  food  require  time  and  patience  and  the 
infant  should  not  be  forced  to  take  food.  If  there  is  much 
opposition  it  can  be  interpreted  that  the  infant  is  too  young 
and  not  ready  for  the  new  experiences.  A  small  amount,  a 
teaspoonful  a  day,  is  all  that  is  necessary  to  introduce  a  food 
to  an  infant ;  in  the  beginning  this  food  need  not  be  given 
every  day.  It  is  a  common  practice  to  offer  a  teaspoonful 
of  a  simple  cereal,  like  farex,  mixed  with  two  teaspoonfuls  of 
boiled  milk  before  the  2  p.m.  breast  meal.  Later  the  amount 
can  be  increased  to  2  or  3  teaspoonfuls  given  after  the  10  a.m. 
and  6  p.m.  meals  and  vegetable  puree  can  be  given  at  the  2  p.m. 
meal. 

From  this  beginning  the  quantities  and  varieties  can  be 
increased.  New  foods  should  be  started  by  giving  small 
amounts  and  increasing  slowly.  Not  more  than  one  new 
food  should  be  introduced  at  a  time.  The  practice  of  passing 
vegetables  through  a  sieve  should  not  be  continued  beyond 
the  seventh  or  eighth  month.  Vegetables  that  can  be  mashed 
with  a  fork  should  be  so  treated  from  this  age  onward.  It 
is  good  practice  at  the  beginning  to  mash  one  vegetable  at 
a  time  and  place  a  separate  heap  on  the  plate  with  the  pureed 
vegetables.  If  the  infant  eats  strained  vegetables  until  it  is 
twelve  months  old  it  frequently  develops  difficulties  with  firmer 
foods  and  with  lumps  of  food. 

Shredded  meat  can  be  introduced  to  some  infants  from  ten 
months  of  age  onward.  It  should  not  be  mixed  with  vegetables 
but  offered  separately,  perhaps  by  leaving  more  and  more 
meat  on  the  chop,  chicken,  or  rabbit  bones  which  are  given 
from  six  months  onward. 

Many  infants  like  cheese  and  will  readily  eat  it  from  seven 
or  eight  months  of  age.  It  can  be  grated  on  vegetables  at 
first,  and  later  the  infant  can  take  a  small  piece  in  its  fingers. 

Egg  yolk  can  be  introduced  at  three  months  by  giving  a 
few  drops  either  in  a  bottle  or  with  the  farex,  or  preferably  on 
a  small  spoon,  again  to  accustom  the  child  to  tastes. 

The  educational  diet  should  educate  the  infant  during  its 
first  year  to  a  wide  range  of  foodstuffs,  tastes,  and  textures  so 
that  by  the  age  of  eleven  to  twelve  months  he  can  partake  of 
plain  family  food.  The  infant  can  digest  the  various  foods 
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suggested  at  the  ages  indicated  and  psychologically  there  are 
sound  reasons  for  their  introduction. 

II.  THE  NORMAL  ARTIFICIALLY  FED  INFANT 

The  two  requisites  of  a  satisfactory  formula  for  the  infant 
who  has  to  be  artificially  fed  are  : — 

1.  That  it  shall  meet  the  infant’s  requirements  for  calories 
and  nutrients. 

2.  That  it  shall  be  in  a  form  which  the  infant  can  digest 
and  from  which  it  can  assimilate  the  sources  of  calories  and  the 
nutrients. 

The  discovery  and  rediscovery  several  times  in  the  last 
fifty  to  sixty  years  that  undiluted  untreated  cow’s  milk  produced 
a  tough  indigestible  curd  in  the  stomach'  of  the  young  infant 
was  probably  the  greatest  single  advance  in  the  successful 
artificial  feeding  of  infants.  The  curd  of  cow’s  milk  can  be 
softened  and  made  easily  digestible  by  a  number  of  methods 
which  have  already  been  described.  To-day  the  most  widely 
adopted  methods  for  fresh  cow’s  milk  are  dilution  and  boiling 
or  acidification. 

Dilution  with  water  lowers  the  curd-tension  in  proportion 
to  the  casein  content.  Three  to  five  minutes  boiling  will 
lower  curd-tension  about  30  per  cent. 

1  he  addition  of  45  minims  of  lactic  acid,  drop  by  drop,  to  one 
pint  of  fresh  cold  cow’s  milk  will,  in  about  fifteen  minutes, 
produce  a  fine  curd  which  can  pass  through  the  hole  of  a  teat. 
The  milk  must  be  stirred  continuously  whilst  the  lactic  acid 
is  added. 

The  milk  used  to  make  dried  milk  infants’  foods  is  usually 
passed  through  a  homogenization  plant  prior  to  drying.  This 

produces  a  fine  low-tension  curd  when  the  powder  is  recon¬ 
stituted. 

These  various  procedures  render  cow’s  milk  easily  digest¬ 
ible  by  infants,  thus  removing  one  of  the  principal  causes 
of  the  gastrointestinal  disturbances  which  were  so  frequentlv 

associated  with  the  feeding  of  infants  with  artificial  mixtures 
in  the  last  century. 

Protein  Content  of  Milk  Mixtures—Protein  is  the  kev 
point  around  which  the  formute  of  cow’s-milk  mixtures  hav'e 
been  huilt  for  many  years.  One  school  reduced  the  protein 
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content  to  a  minimum,  approximately  equal  to  that  in  human 
milk,  in  the  belief  that  a  higher  concentration  would  damage 
the  kidneys.  In  more  recent  years  numerous  groups®*  ’ 
have  fed  full-strength  cow’s  milk  to  quite  young  infants, 
whilst  others  have  added  extra  protein  to  a  full-strength  cow’s- 
milk  mixture  with  considerable  benefit  to  the  infant  and  with¬ 
out  any  apparent  untoward  effects. 

1  he  decision  relating  to  the  final  concentration  of  the  level 
of  protein  in  a  milk  mixture  depends  on  two  factors  :  {a)  the 
capacity  of  the  infantile  tissues  to  digest  and  absorb  the  protein  ; 
and  {b)  the  intake  necessary  to  supply  the  tissue  needs. 

In  Chapter  VII  it  was  shown  that  the  gastro-intestinal  tract 
ot  even  the  premature  newborn  infant  is  capable  of  digesting 
and  absorbing  large  amounts  of  protein,  and  that  the  reserve 
capacity  of  the  gastric  and  intestinal  juices  is  adequate  to  digest 
satisfactorily  concentrations  greater  than  those  in  full- 
strength  cowl’s  milk. 

All  metabolism  experiments  conducted  with  full-strength 
cow’s-milk  mixtures  have  demonstrated  that  the  infants  fed 
this  type  of  food  excreted  in  the  urine  much  more  nitrogen 
than  do  breast-fed  infants.  The  mechanism  of  urinary  excre¬ 
tion  is  such  that  the  passage  of  water  and  the  waste  products 
of  nitrogen  metabolism  through  the  glomeruli  is  a  simple 
filtration  process  which  does  not  involve  the  tissues  in  work, 
but  depends  upon  the  osmotic  pressure  of  the  plasma  (p.  i6o). 
Reabsorption  of  the  water  and  certain  electrolytes  and  organic 
materials  normally  present  in  plasma  is  the  function  of  the 
tubules.  The  work  of  McCance  and  others  has  demonstrated 
that  the  young  infant  cannot  concentrate  urine  and  that  as  a 
consequence  a  certain  minimal  amount  of  water  is  needed  to 
excrete  the  waste  products  of  metabolism.  If  this  is  not 
supplied  by  the  intake  it  is  withdrawn  from  the  tissues  by  not 
being  reabsorbed  by  the  tubules.  At  what  age  the  infantile 
kidney  has  taken  on  the  adult  capacity  to  concentrate  urine  has 
apparently  not  been  determined.  Gamble®  has  assumed  that 
by  four  months  of  age  the  infantile  kidney  can  concentrate  urine. 

The  success  which  has  attended  the  feeding  techniques 
employed  by  Gordon  and  his  co-workers®  has  demonstrated 
that  the  kidney  of  the  premature  infant  can  successfully  excrete 
the  nitrogen  waste  products  from  a  diet  of  full-strength  cow  s 
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milk.  'Fhere  does  not  appear  to  be  any  reason  why  the  full- 
term  infant  cannot  excrete  the  extra  minerals  and  the  products 
of  nitrogen  metabolism  derived  from  a  high  concentration  of 
cow’s  milk. 

There  is  no  scientific  evidence  to  support  the  suggestion 
that  the  simple  filtration  by  osmosis  of  water  and  solutes  even 
in  relatively  large  amounts  through  the  glomeruli  affects  their 
structure  or  function.  The  claim  made  by  some  workers 
that  high-protein  diets  in  infancy  produce  irreparable  damage 
of  the  kidneys  is  apparently  without  scientific  proof. 

In  the  preceding  chapter  it  was  shown  that  for  artificially 
fed  infants  to  absorb  and  retain  the  same  quantity  of  nitrogen 
as  breast-fed  infants  of  the  same  age  it  is  necessary  for  them  to 
ingest  about  3  g.  of  protein  per  kilo  of  body-weight,  or  about 
twice  the  protein  intake  of  the  average  breast-fed  infant. 

An  intake  of  this  magnitude  is  achieved  by  infants  who 
consume  the  average  quantity  of  milk  mixtures  made  up  of 
two  parts  of  cow’s  milk  and  one  part  of  water.  It  is  interesting 
to  note  {see  Table  XIX,  p.  84)  that  in  a  mixture  of  this 
strength  all  the  amino-acids  will  be  in  the  same  or  a  higher 
concentration  than  in  human  milk  of  average  protein  content. 

The  Calorie  Content  of  Milk  Mixtures. — Either  fat  or 
carbohydrate  can  provide  the  infant  with  its  calorie  require¬ 
ments.  The  calorie  value  of  the  protein  constituent  usually 
does  not  exceed  10  per  cent  of  the  total  and  should  not  be 
considered  as  a  source  of  energy,  for  its  components  are  needed 
for  tissue  building. 

There  are  advantages  and  disadvantages  associated  with 
both  fat  and  carbohydrate.  Fat  has  the  advantage  that  weight 
for  weight  it  contributes  slightly  more  than  twice  the  calories 
than  does  carbohydrate,  provided  that  it  is  absorbed.  It 
exerts  a  ‘  sparing  ’  action  on  the  thiamine,  in  that  it  does  not 
require  this  vitamin  for  its  combustion  whilst  carbohydrates 
and  probably  protein  do.  However,  studies  of  the  gastric 
and  intestinal  function  of  young  infants  {see  p.  144)  have  shown 
that  the  capacity  to  digest  fat  develops  much  more  slowlv 
than  the  enzyme  systems  for  the  digestion  of  other  nutrients 
Immature  infants  are  particularly  handicapped  in  this  regard. 
I  he  young  infant  is  well  equipped  to  complete  the  digestion 
of  the  dissachande  lactose,  for  the  pancreatic  secretion  contains 
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an  enzyme  lactase  which  can  split  lactose  into  the  hexoses 
glucose  and  galactose.  The  absorption  of  glucose  from  the 
intesUne  is  much  more  rapid  than  that  of  galactose.^®  A 
soluUon  of  lactose  does  not  raise  the  blood-sugar  of  infants 
so  high  or  so  rapidly  as  does  the  equivalent  weight  of  glucose 
or  as  a  sugar  which  on  digestion  yields  mainly  glucose.ii 
Lactose  is  thus,  on  several  counts,  admirably  suitable  as  a 
source  of  calories. 

\\  hen  the  choice  is  between  fat  and  carbohydrate  as  the 
principal  source  of  energy,  consideration  must  be  given  to 
the  effect  of  these  two  constituents  on  the  intestinal  contents. 
The  stools  from  infants  fed  on  a  mixture  rich  in  fat  will  generally 
be  acid  in  reaction,  whilst  a  low-fat  mixture  will  in  general 
yield  an  alkaline  stool.  Mixtures  composed  of  full-strength 
cow  s  milk  or  diluted  cow  s  milk  with  added  carbohydrate 
usually  produce  stools  with  a  reaction  about  normal.  It  is 
the  fat  content  of  a  diet  which  exerts  the  greatest  influence  on 
the  reaction  of  infants’  stools. 

All  the  evidence  available  suggests  that  the  young  infant 
will  tolerate  best  a  mixture  which  is  high  in  carbohydrate  and 
low  in  fat.  As  the  infant  ages  and  its  fat  digestion  is  better 
developed,  the  fat  content  of  the  diet  can  then  be  increased  if 
desired. 

The  relationship  between  calorie  and  water  requirements 
are  such  that  both  are  generally  met  by  mixtures  which  contain 
approximately  20  calories  per  fluid  ounce. 

If  it  is  accepted  that  the  protein  requirements  are  met  by 
a  mixture  consisting  of  two  parts  cow’s  milk  and  one  part 
water,  then  the  calorie  requirement  can  be  supplied  by  adding 
lactose  according  to  the  following  formula  : — 

Milk  ..  13-2  oz. 

Lactose  .  .  40  g.  (3  tablespoons, 

2^  teaspoons) 

Water  to  . .  20  oz. 

The  composition  of  this  mixture  will  be  ; — 

Protein  .  .  2-3  per  cent 

Fat  .  .  .  .  2-3  per  cent 

Carbohydrate  lo-o  per  cent 

From  balance  experiments  it  can  be  assumed  that  this  con¬ 
centration  of  protein  will  meet  the  needs  of  the  infant  up  to 
six  or  seven  months  of  age  providing  that  the  quantity  of  the 
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mixture  fed  is  increased  to  fulfil  the  calorie  requirements  with 
advancing  age.  From  six  months  onward  the  milk  can  be 
slowly  increased  and  the  water  reduced,  both  with  the  object 
of  increasing  the  protein  intake  and  of  preparing  the  infant 
for  transfer  to  full-strength  cow’s  milk  towards  the  end  of 
the  first  year. 

This  type  of  mixture  in  which  the  calories  are  built  up  by 

the  addition  of  carbohydrates  could  be  continued  until  the 

infant  is  graduated  to  full-strength  cow’s  milk.  However,  if 

it  is  desired  to  increase  the  fat  content  with  increasing  age, 

this  can  be  done  by  the  addition  of  an  emulsion  of  cod-liver 

oil  and  a  reduction  of  the  amount  of  lactose  added.  It  should 

be  remembered  that  one  medicinal  teaspoon  of  emulsion 

provides  approximately  2  g.  of  fat  or  18  calories,  which  is 

equivalent  in  calories  to  2^  medicinal  teaspoons  of  lactose. 

The  substitution  of  these  amounts  alters  the  composition  of 

the  mixture  to  the  following  figures  ; — 

Protein  .  .  . .  2'3  per  cent 
Fat  .  .  . .  2-6  per  cent 

Carbohydrate  .  .  9-6  per  cent 


Two  medicinal  teaspoons  of  emulsion  substituted  for  5 
medicinal  teaspoons  of  lactose  produces  a  mixture  with  the 
following  composition  : — 

Protein  .  .  .  .  2-3  per  cent 

Fst  .  .  . .  3-0  per  cent 

Carbohydrate  . .  9-2  per  cent 


Two  medicinal  teaspoons  of  emulsion  will  provide  approxi¬ 
mately  400  i.u.  vitamin  D  which  was  judged  {see  p.  200)  to 
be  about  the  requirement  of  the  infant. 

I  here  is  no  specific  age  at  which  the  change  should  take 
place,  nor  is  it  essential  that  it  should  occur. 

Supplements  of  Vitamins  and  Minerals.— 

Vitafnm  The  total  vitamin- A  activity  of  pooled  cow’s 
milk  IS  about  140  i.u.  per  100  c.c.  Thus  an  infant  given  a 
mixture  of  two  parts  milk  and  one  water  will  obtain  approxi¬ 
mately  the  following  amounts  of  vitamin  A  from  the  cow’s 
milk  at  the  various  ages  : — 


End  of  1st  week 
End  of  2nd  week 
End  of  4th  week 
End  of  8th  week 
End  of  1 6th  week 


430  i-u. 

520  i.u. 
650  i.u. 
780  i.u. 
970  i.u. 
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If  it  is  accepted  that  infants  under  one  year  require  1500 
i.u.  of  vitamin  A  daily,  then  it  is  probable  that  artificially  fed 
infants,  except  those  given  a  dried  milk  that  has  been  for¬ 
tified  with  vitamin  A,  do  require  a  supplement  to  bring  the 
daily  intake  up  to  that  amount. 

From  the  above  figures  it  is  obvious  that  the  amount  of 
the  supplement  should  decrease  as  the  infant’s  age  increases. 
Artificially  fed  infants  who  receive  pints  of  full-strength 
cow’s  milk  daily  will  obtain  approximately  1500  i.u.  of 
vitamin  A  from  this  source.  Moreover,  at  the  end  of  the  first 
year  the  infant  will  be  obtaining  additional  amounts  of  vitamin 
A  from  eggs,  green  vegetables,  carrots,  and  butter  and  does 
not  require  a  supplement  of  vitamin  A. 

From  these  facts  it  is  possible  to  set  the  requirements  of 
the  normal  artificially  fed  infant  for  vitamin  A  as  follows  : 

Under  i  month  .  .  1000  i.u.  daily 

2- 3  months  .  .  75°  j-u-  daily 

3- 6  months  .  .  5°°  '-U-  daily 

6-12  months  .  .  250  i.u.  daily 

Over  12  months  .  .  Nil 


Vitamin  B  Grow/).— Weight  for  weight,  cow’s  milk  con¬ 
tains  more  thiamine  and  riboflavin  than  human  milk  {^see  Table 
XXIX,  p.  125).  A  mixture  which  contains  two  parts  of  cow’s 
milk  and  one  of  water  will  contain  more  of  these  vitamins  than 
the  same  quantity  of  human  milk  ;  so  that  a  normal  infant 
given  this  mixture  does  not  require  a  supplement  of  either  of 


these  vitamins. 

Cow’s  milk  contains  less  niacin  than  is  present  m  human 
milk.  Artificially  fed  infants  obtain  from  25  to  30  per  cent 
of  the  niacin  obtained  by  breast-fed  infants.  There  is  a 
considerable  volume  of  evidence  to  suggest  up  to  80  per  cent 
of  the  average  niacin  requirements^'^  of  man  are  synthesized 
in  the  intestine.  Indirect  evidence  suggests  that  this  is  iriore 
likely  to  happen  if  the  diet  is  otherwise  adequate  and  wel 
balanced.  A  decision  on  whether  the  artificially  fed  infan 
needs  a  supplement  of  niacin  must  be  withheld  until  more 

evidence  is  available.  ,  .  ,  r  .-c  ■  m. 

Ascorbic  Acid.— The  ascorbic-acid  intake  of  artificialH  fed 

infants  will  depend  almost  entirely  upon  the 

as  a  supplement,  as  almost  all,  if  not  all,  the  ascorbic  acid  in 

the  milk  mixtures  is  destroyed  in  the  process  of  preparation. 
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The  artificially  fed  infant  should  be  given  ascorbic  acid  as 
soon  as  normal  feeding  is  established.  Its  requirements  are 
about  25  mg.  per  day  and  it  is  frequently  not  possible  to  supply 
this  in  the  form  of  a  naturally  occurring  food  rich  in  vitamin 
C.  It  is  customary  to  use  either  orange  juice,  blackcurrant 
juice,  tomato  juice,  or  pawpaw  juice  as  a  source  of  vitamin  C. 
'rhe  ascorbic-acid  content  of  orange  juice  varies  with  the 
season  of  the  year.  Fruit  harvested  in  the  winter,  spring,  and 
early  summer  contains  about  16  mg.  per  ounce,  whilst  fruit 
harvested  in  the  late  summer  and  early  autumn  contains  about 
1 1  mg.  per  ounce^^.  The  ascorbic-acid  content  of  tomato 
juice  is  about  4  mg.  per  ounce. Pawpaw  contains  about  30 
mg.  per  ounce. 

It  is  not  reasonable  to  expect  to  be  able  to  give  young  infants 
from  i|-2  oz.  of  orange  juice  or  6  oz.  of  tomato  juice.  The 
manufacture  of  synthetic  ascorbic  acid  constituted  a  mile¬ 
stone  in  infant  feeding,  providing  as  it  does  a  convenient 
method  of  supplying  the  young  infant  with  ascorbic  acid. 
One  25-mg.  tablet  given  daily  for  the  first  week  will  ensure 
the  ascorbic-acid  requirements  of  the  artificially  fed  infant. 
The  infant  can  be  slowly  introduced  to  orange  juice  and  the 
synthetic  ascorbic  acid  withdrawn  as  soon  as  the  infant  is  tak¬ 
ing  without  difficulty  the  amount  of  juice  needed  to  supply  25 
mg.  ascorbic  acid.  Young  infants  tolerate  doses  of  synthetic 
ascorbic  acid  well  above  the  one  advocated. 

Vitamin  D. — All  infants  require  vitamin  D  from  sources 
other  than  the  normal  diet.  Nature  intended  that  the  infant 
should  get  this  vitamin  from  the  effect  of  sunlight  upon  the 
skin,  as  happens  amongst  primitive  peoples. 

Various  authorities  have  recommended  from  400-800  i.u. 
as  the  vitamin-D  requirements  of  infants.  For  the  young 
infant,  under  three  months  of  age,  it  probably  does  not  exceed 
800  i.u.  As  the  infant  grows  older  and  gets  more  sun 
exposure,  either  as  deliberate  ‘  sun-kicks  ’  or  simply  by  being 
less  wrapped  up,  his  need  for  the  oral  administration  of  vitamin 
I)  is  reduced  and  the  dose  of  the  supplement  probablv 
approaches  200  i.u.  per  day.  By  the  time  he  is  a  toddler  and 
can  spend  some  part  of  the  day  at  play  out-of-doors  he  has  no 
urther  need  for  a  supplement  of  vitamin  D  except  in  areas 
where  outdoor  play  is  impossible  for  long  periods  of  the  year. 
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The  cod-liver  oil  emulsion  used  to  raise  the  calorie  content 
of  cow’s-milk  mixtures  also  provides  vitamin  D,  Two 
medicinal  teaspoons  of  emulsion  provides  approximately  400 
i.u.  of  vitamin  D, 

In  the  young  infant  who  is  given  a  mixture  of  diluted  cow’s 
milk  with  added  carbohydrate,  the  vitamin  D  can  be  satis¬ 
factorily  supplied  as  a  vitamin  A  and  vitamin  D  concentrate. 
This  preparation  does  not  raise  appreciably  the  fat  intake  and 
will  not  interfere  wdth  digestion.  The  dose  should  be  such 
as  to  supply  not  more  than  800  i.u.  to  young  infants,  gradually 
reducing  the  dose  to  about  200  i.u.  in  summer  to  infants  6 
months  old. 


III.  THE  PREMATURE  INFANT 


The  premature  infant  has  been  forced  to  begin  its  extra- 
uterine  life  before  it  has  acquired  the  normal  reserves  of  most 
nutrients.  It  has  been  recognized  for  some  years  now^^  that 
the  premature  infant  needs  additional  minerals  to  compensate 
for  this  loss  of  storage.  In  more  recent  times  a  number  of 
workers®’  have  demonstrated  that  whatever  the  nature  of 
the  food  given  to  the  premature  infant  in  the  first  few  months 
of  life,  a  high  protein  intake  is  necessary  if  it  is  to  gain  weight 
at  a  satisfactory  rate. 

Two  methods  of  fulfilling  these  requirements  are  m  use 

1.  Human  milk  with  supplements  of  protein. 

2.  Artificial  feeding  with  mixtures  high  in  protein  and 


carbohydrate  and  low  in  fat. 

Most  authoritiesis,  le  agree  that  human  milk  is  superior  to 
all  other  types  of  food  for  the  premature  infant,  principally 
because  it  supplies  much-needed  antibodies  and  because  it 
reduces  the  risk  of  infection  to  a  minimum.  However 
extensive  studies  over  the  last  decade  or  so  convinced 

Levine  and  his  co-workers’  that  a  special  cow  s-milk  formula 
made  up  as  follows  is  the  most  satisfactory  . 

Half-skimmed  milk  powder  ».  S' 

Carbohydrate  (dextrimaltose)  .  .  1 1  g-  per  kilo 


Water  to  make 


T  cn  r.c. 


The  composition  of  this  mixture  is  : 

Protein  .  •  •  • 

Fat..  ••  ••  2-2  g. 

Carbohydrate  .  •  i9'4  S- 


per  kilo 
per  kilo 
per  kilo 
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On  theoretical  grounds  this  formula  fulfils  the  needs  of  the 
premature  infant,  and  Levine  and  his  co-workers  have  found 
that  infants  given  this  mixture  grew  more  rapidly  than  controls 
under  similar  conditions  of  environment  and  medical  and 
nursing  care  who  were  given  human  milk. 

Magnusson^^  has  reported  the  results  of  feeding  to  pre¬ 
mature  infants  human  milk  and  a  supplement  of  an  amino- 
acid  mixture  prepared  from  casein  by  hydrolysis.  He 
compared  the  growth  of  infants  given  this  supplement  with 
that  of  infants  given  human  milk  or  human  milk  and  unhydro¬ 
lysed  casein.  Those  given  the  amino-acid  mixture  put  on 
twice  as  much  weight  in  the  same  period  of  time  as  those 
given  human  milk  alone,  and  they  were  also  superior  to  those 
given  a  supplement  of  casein.  This  is  apparently  due  to  the 
immaturity  of  the  enzyme-producing  mechanisms  of  both 
the  gastric  mucosa  and  the  pancreas  {see  pp.  142-4). 

In  contrast  to  the  use  of  special  diets,  attention  must  be 
drawn  to  the  conclusion  reached  by  Helen  Mackay,^®  who  has 
had  considerable  experience  with  premature  infants,  “  I  do  not 
add  protein  to  breast  milk  as  some  paediatricians  do.”  A  cow’s- 
milk  mixture  has  the  added  advantage  that  it  supplies  a  high 
intake  of  calcium  and  of  members  of  the  vitamin  B  group,  thus 
helping  to  augment  the  poor  reserves  of  the  premature  infant. 

There  are  thus  in  force  three  methods  of  feeding  the  pre¬ 
mature  infant.  The  physiology  and  nutritional  status  of  the 
newly  born  premature  infant  indicates  that  additional  protein 
is  desirable.  The  use  of  protein,  either  casein,  dried  skimmed 
milk,  or  amino-acid  mixtures  to  supplement  breast  milk  seems 
to  be  the  most  satisfactory  procedure. 

Such  a  radical  departure  from  the  natural  method  of  infant 
feeding,  particularly  when  human  milk  is  available,  as  that 
advocated  by  Levine  and  his  co-workers  is  to  be  adopted  with 
caution.  Special  procedures  such  as  this  one  frequently  call 
for  a  highly  trained  st^ff,  special  facilities,  and  an  intense 
enthusiasm  for  the  caugl,  to  ensure  success.  The  history  of 
medicine,  and  particularly  of  infant  feeding,  records  many 
instances  where  a  technique  which  has  proved  successful  in 
the  hands  of  the  originator  failed  in  other  hands. 

Magnusson  used  a  mixture  containing  approximately  2-5  g. 
ammo-acid  per  kilo  of  body-weight ;  to  this  was  added  an 
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equal  amount  of  glucose.  The  preparation  of  an  amino-acid 
hydrolysate  from  casein  is  expensive  and  may  not  be  easily 
obtained.  Dried  skimmed  milk  has  the  advantage  that  it 
will  provide  both  additional  protein,  minerals,  and  carbo¬ 
hydrate.  The  presence  of  carbohydrate  seems  to  assist  in  the 
digestion  and  utilization  of  protein.  When  used  as  a 
supplement  to  human  milk  the  quantity  given  should  be  such 
that  it  will  raise  the  protein  intake  to  about  6  g.  per  kilo  of 
body-weight.  For  infants  of  various  weights  the  amounts  set 
out  in  Table  XLII  should  be  used. 


Table  XLII. — Dried  Skimmed  Milk  needed  to  raise  the 
Protein  Intake  of  Premature  Infants 


Weight  of 
Infant 

Total  Amount  of 
Dried  Skimmed 
Milk  in  24  Hours 

Amount  of  Dried  Skimmed 
Milk  in  Medicinal  Measures 
PER  Feed  (Six  Feeds  per  Day) 

g. 

g- 

1500 

16 

teaspoons 

2000 

21 

i|  teaspoons 

2500 

26 

2  teaspoons 

3000 

31 

2J  teaspoons 

These  figures  are  based  on  the  assumption  that  the  normal 
intakes  of  human  milk  will  provide  2*2  g.  protein  per  kilo 
body-weight,  and  that  dried  skimmed  milk  contains  36  per 
cent  protein. 

The  dried  skimmed  milk  will  increase  the  calorie  intake  by 
value  of  the  carbohydrate.  Each  medicinal  teaspoon  pro¬ 
vides  approximately  7  calories.  In  addition,  it  will  supply 
approximately  27  mg.  of  calcium,  or  six  feeds  in  the  day  will 
augment  the  calcium  intake  of  an  infant  by  an  amount  greater 
than  that  obtained  from  breast  milk. 

Vitamin  and  Mineral  Supplements. — 

Ascorbic  Acid  is  especially  needed  by  the  premature  infant 
for  the  complete  metabolism  of  the  amino-acids,  tyrosine, 
and  phenylalanine,  therefore  this  vitamin  should  be  given  as 
soon  as  possible  after  birth  and  certainly  not  later  than  the  ^ 
end  of  the  first  week.  The  required  dose  probably  lies  between 
25  and  50  mg.  per  day.  It  is  safer  to  give  the  larger  amount 
to  an  artificially  fed  infant.  As  this  cannot  be  given  as  a 
naturally  occurring  food  it  is  necessary  to  use  the  synthetic 
form  of  the  vitamin. 
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'rhe  breast-fed  premature  infant  should  be  given  at  least 
25  mg.  ascorbic  acid,  and  preferably  in  two  doses  administered 

in  the  morning  and  afternoon. 

Vitamin  D  in  high  concentration  in  the  tissues  is  neces¬ 
sary  as  early  as  possible  to  ensure  the  maximum  absorption 
of  calcium  and  phosphorus.  Prematurity  has  denied  the  infant 
a  large  part  of  the  normal  reserves  of  these  minerals.  1  he 
relationship  of  this  to  the  aetiology  of  rickets  has  already  been 


discussed  {see  p.  189). 

Authorities  are  not  unanimous  as  to  the  dosage  of  vitamin 
D  needed  by  the  premature  infant.  Gordon®  gives  from 
3000  to  5000  i.u.  per  day,  while  the  Sub-Committee  of  the 
British  Paediatric  Association  recommended  1400  i.u.^' 

Horesh  and  RusselP®  gave  from  o-8  c.c.  to  4-0  c.c.  cod-liver 
oil  per  day  to  53  premature  infants,  none  of  whom  developed 
either  clinical  or  radiographic  evidence  of  rickets,  and  in  all  of 
whom  the  serum-calcium  and  the  serum-phosphates  remained 
within  normal  limits.  On  the  basis  of  at  least  85  i.u.  per 
gramme  these  infants  received  from  70  to  340  i.u.  per  day, 

Davidson  and  others^®  found  that  whereas  an  intake  of  135 
i.u.  per  day  did  not  prevent  the  development  of  rickets,  an 
intake  of  400  i.u.  did.  Stearns,^®  after  a  review  of  the 
literature,  concluded  that  while  the  exact  requirement  of 
premature  infants  for  vitamin  D  was  unknown  it  probably 
did  not  exceed  800  i.u.  per  day.  There  seems  to  be  little 
justification  for  the  daily  administration  of  larger  doses. 
Once  a  high  saturation  of  the  tissues  with  vitamin  D  is 
accomplished  more  is  unnecessary,  and  there  is  no  evidence  to 
that  the  premature  infant  needs  more  than  the  mature 
infant  to  bring  about  this  saturation.  The  hazards  associated 
with  the  daily  administration  of  2-3  teaspoons  of  oil  are  not 
inconsiderable  and  there  is  no  doubt  that  it  is  preferable  to 
give  the  premature  infant  its  vitamin  D  as  one  of  the  concen¬ 


trates. 

Reference  should  be  made  to  the  use  of  a  single  massive 
ose  of  vitamin  Dj  or  D,  for  the  prevention  and  treatment  of 
rickets.  Numerous  studies^*  have  been  made  in  which  single 
doses  in  the  vicinity  of  300,000  i.u.  were  given  to  infants.  It 
has  been  found  that  a  high  percentage  of  a  single  large  dose  is 
stored  in  the  tissues,  enabling  the  organism  to  draw  on  it  for 
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weeks.  Most  of  those  workers  who  have  used  this  form  of 
vitamin-D  prophylaxis  claim  that  it  is  more  effective  than 
the  use  of  daily  small  doses. 

Vitamin  A  is  stored  in  relatively  large  amounts  in  the  liver 
of  the  full-term  infant.  The  mean  vitamin-A  content  of  the 
livers  of  mature  infants  was  found  to  be  nearly  40,000  i.u., 
whilst  that  of  16  premature  infants  was  7,260  i.u.  The 
difference  was  partly  due  to  the  lower  concentration  per 
gramme  in  the  premature  group  and  partly  due  to  the  smaller 
size  of  the  liver.^^ 

It  is  desirable  to  build  up  the  reserves  as  rapidly  as  possible, 
but  this  will  depend  to  some  extent  on  the  growth  of  liver. 
The  normal  requirement  of  the  full-term  infant  is  about  1500 
i.u.  per  day,  so  the  dose  for  the  premature  infant  must 
include  this.  Gordon  and  his  co-workers  give  from  20,000 
to  25,000  i.u.  per  day,  but  it  is  doubtful  if  the  premature 
infant  needs  a  dose  of  this  magnitude.  A  dose  of  5000-6000 
i.u.  per  day  should  build  up  reserves  at  a  satisfactory  rate. 

For  the  same  reasons  given  for  the  administration  of  vitamin 
D,  this  vitamin  is  best  given  in  a  concentrated  form. 

Thiamine. — The  relatively  low  thiamine  content  of 
colostrum  and  human  milk  in  the  first  weeks  of  lactation 
{see  p.  108)  suggests  that  the  newborn  infant  carries  some 
reserves,  although  direct  confirmation  of  this  is  not  available. 
This  being  the  case  it  is  probable  that  thiamine  behaves  as 
most  other  nutrients  and  is  deposited  in  the  foetus  in  large 
amounts  towards  the  end  of  normal  gestation. 

This  is  slender  evidence  on  which  to  build  a  case  for  the 
provision  of  additional  thiamine  for  the  premature  infant. 
This  vitamin  is  harmless  in  therapeutic  doses  and  so  no  harm 
and  probably  good  will  come  from  the  administration  of  small 
doses  (say  i  mg.)  daily  to  the  premature  infant,  especially  it 


brc3.st  jfcd* 

The  artificially  fed  infant  will  have  less  demand  for  thiamine, 
especially  if  fed  with  a  mixture  with  a  high  percentage  (equa 
parts  or  more)  of  cow's  milk.  The  thiamine  content  of  th^ 
mixture  is  about  three  times  that  of  mature  ’■ 

Because  of  low  intakes  of  milk  in  the  early  weeks  of  life  it  is 
desirable  to  give  even  artificially  fed  infants  about  g- 
thiamine  daily. 
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Vitamin  K  is  essential  for  the  production  of  prothrombin. 
In  the  newborn  infant  there  is  a  fall  in  blood-prothrombin, 
which  reaches  a  trough  in  full-term  infants  from  forty-eight 
to  seventy-two  hours  after  birth.  In  premature  infants  the 
fall  in  prothrombin  is  greater  and  occurs  usually  within  the 
first  forty-eight  hours.^^-s^  Magnusson^®  followed  the  pro¬ 
thrombin  levels  in  a  large  number  of  premature  infants  and 
compared  the  values  with  those  in  a  group  of  full-term  infants. 
In  the  premature  infants  the  prothrombin  values  were  lower 
than  full-term  infants  even  2  weeks  after  birth. 

He  found  that  doses  of  10  mg.  of  vitamin  K  given  by  mouth 
at  birth  raised  the  prothrombin  levels  in  both  premature  and 
full-term  infants,  but  the  rise  was  not  as  great  in  the  former 
as  in  the  latter. 

It  is  now  recognized  that  premature  infants  should  be  given 
some  form  of  vitamin  K  as  early  as  practical  after  birth.  If 
this  is  done  the  fall  in  prothrombin  does  not  occur.  A  dose 
of  0-5-1  mg.  of  a  vitamin  K  analogue  given  orally  or  by 
injection  within  an  hour  of  birth  will  be  effective  prophy- 
lactically.2’ 

Iron. — In  the  premature  infant  an  anaemia  develops  earlier 
and  is  more  severe  than  in  the  full-term  infant.^®“^®  The 
anaemia  is  related  to  both  an  iron  deficiency  and  a  red-cell 
deficit  at  birth.  Wallgren  concluded  that  the  abundance  of 
reticulocytes  in  the  premature  as  compared  with  the  mature 
infant  indicates  an  under-developed  haemopoietic  svstem  in 
the  premature  infant.  In  infants  under  3^  lb.  birth-weight 
the  normocytic  anaemia  is  curable  only  by  transfusion  of 
blood. 

The  rate  of  fall  of  haemoglobin  is  related  to  the  degree  of 
prematurity.  The  administration  of  iron  from  birth  has  no 
effect  on  the  development  of  anaemia.^-  29,  so  pgj. 
larger  infant  Mackay^i  has  found  a  dose  of  4^  gr.  of  ferrous 
sulphate  per  day  (60  mg.  iron)  satisfactory.  If  this  dose  is 
made  up  at  the  rate  of  gr.  per  drachm  the  treatment  can 
commence  with  a  few  drops  twice  a  day,  increasing  to  i  drachm 
three  times  a  day. 

It  is  wise  to  commence  the  iron  therapy  at  the  end  of  the  first 

week,  as  soon  as  the  infant’s  dietary  regimen  is  satisfactorily 
stabilized. 
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Chapter  XII 

DISTURBANCES  OF  METABOLISM  OF  DIETETIC 

ORIGIN 

Optimal  growth  at  a  uniform  rate  during  infancy  and  child¬ 
hood  is  dependent  upon  the  continuous  supply  of  all  essential 
nutrients  at  a  satisfactory  level.  Growth  and  development 
is  a  continuous  process,  which  commences  with  the  fertilization 
of  the  ovum,  progresses  through  the  intra-uterine  existence, 
is  subjected  to  violent  changes  at  birth,  and  continues  through 
post-natal  life.  The  quantity  and  perhaps  the  quality  of 
nutrients  stored  during  pre-natal  life  have  an  important  bear¬ 
ing  on  the  ability  of  an  infant  to  withstand  physiological  crises 
in  the  early  stages  of  its  post-natal  life.  Insufficiency  of  one 
or  more  nutrients  in  the  diet  of  an  infant  will  ultimately  bring 
about  a  disturbance  of  metabolism  either  of  tissues,  systems, 
or  of  the  whole  body.  The  character  of  the  changes  depends 
upon  a  number  of  factors,  including  :  the  amount  of  each 
nutrient  stored  in  the  infant ;  the  degree  of  the  deficiency  ; 
the  time  over  which  it  operates  ;  and  the  nature  of  the 
deficiency.  The  storage  is,  in  turn,  affected  by  the  age  and 
the  adequacy  of  the  food  intake  prior  to  the  onset  of  the 
particular  crisis. 

An  intake  well  below  requirements  in  a  young  infant  will 
in  most  cases  lead  to  rapid  and  marked  changes  in  the  tissues. 
If,  however,  the  intake  is  sub-optimal,  the  change  will  take 
much  longer  to  develop  and  may  manifest  itself  in  a  different 
form  to  that  shown  by  complete  deficiency  of  the  nutrient  or 

nutrients. 

The  following  are  the  disturbances  of  metabolism  ot  a 
dietetic  origin  usually  met  with  in  paediatric  practice  . 

1 .  Starvation,  acute  or  chronic.  This  is  usually  accompanied 

by  protein  deficiency. 

2.  Protein  deficiency  with  calorie  sufficiency. 

3.  Dehydration. 
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4.  Thiamine  deficiency. 

5.  Ascorbic-acid  deficiency. 

6.  Insufficiency  of  calcium  for  bone  growth  due  either  to 
inadequate  calcium  intake  or  insufficient  vitamin  D  in  the  body, 
or  both. 

7.  Iron  deficiency. 

8.  Fat  intolerance.  This  is  a  different  category  to  the  other 
conditions  in  that  it  is  usually  the  result  of  a  defect  in  the  body 
mechanisms  and  is  not  due  to  an  insufficient  intake  of 
nutrients. 

I.  STARVATION  OR  UNDER-NUTRITION 

Starvation  is  seldom  absolute,  except  in  severe  diseases, 
when  the  infant  cannot  or  will  not  take  food  ;  in  these  circum¬ 
stances  the  changes  are  rapid  and  marked.  Amongst  healthy 
infants  the  more  common  experience  is  that  the  infant  is 
undercaloried,  due,  in  the  breast-fed  infant,  to  an  insufficient 
supply  of  maternal  milk,  and  in  the  artificially  fed  infant  to  a 
milk  mixture  that  is  too  weak. 

In  either  type  of  case,  since  the  infant  uses  calories  to  meet 
the  basal  metabolic  requirements  and  for  activity,  the  con¬ 
sequences  are  threefold  : — 

a.  All  calories  available  from  food,  including  those  derived 
from  the  protein  in  the  diet,  are  used  for  metabolism  and 
growth  ceases  ; 

b.  If  this  source  does  not  meet  the  needs,  the  infant  draws 
on  fat  and  possibly  protein  reserv'es  in  the  body,  which  is 
followed  by  loss  of  weight ; 

c.  As  a  lowered  calorie  intake  is  usually  accompanied  by  a 
lowered  water  intake,  dehydration  follows. 

The  pathological  changes  will  depend  largely  on  the  time 
over  which  the  deficiency  operates  and  the  extent  to  which 
protein  deficiency  and  dehydration  complicate  the  picture. 
'I'he  pathological  changes  of  the  latter  two  conditions  will  be 
considered  later.  There  does  not  appear  to  be  any  special 
pathology  associated  with  uncomplicated  inadequate  calorie 
intake,  ev^en  if  such  a  condition  does  occur. 

The  infant  who  is  starved  quickly  takes  on  a  characteristic 
appearance.  It  rapidly  becomes  obviously  thinner,  the  face 
IS  drawn  and  has  a  bluish  tinge,  the  skeletal  muscles  become 
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soft  and  flabby.  It  is  often  surprising  how  rapidly  these 
signs  appear.  An  infant  who  has  been  examined  regularly 
each  week  and  who  has  been  in  good  health  can  return  after 
an  interval  of  a  week  presenting  many  of  the  above-mentioned 
signs,  as  the  details  of  a  case  from  our  series  show. 

When  T.  S.,  a  normal,  healthy,  breast-fed  infant,  was  four 
weeks  old,  the  mother  suffered  an  acute  influenzal  attack,  and  the 
family  physician  advised  that  the  infant  should  be  segregated 


from  its  mother.  The  infant  was  fed  on  liberal  quantities  of 
glucose  and  water  (strength  varied)  for  five  days  and  then 
returned  to  the  breast.  The  infant  was  examined  at  the  mother- 
craft  clinic  on  the  eighth  day.  In  a  fortnight  it  had  lo^t  ;8  oz 
in  weight  and  looked  thin  and  miserable.  Although  a  24-hour 
test  feed  showed  the  infant  to  be  receiving  the  average  amount  of 
breast  milk  for  its  age,  it  was  decided  that,  because  of  the  oss  of 
protein  during  the  five  days  of  semi-starvation,  the  infant  should 
be  given  additional  protein.  The  response  can  be  seen  in  the 
weilht  chart  (Fig.  13).  The  clinical  improvement  was  equally 
^rdnounced  The  pinched,  bluish  appearance  was  gone  in  a 
week,  and  the  muscles  commenced  to  harden. 
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The  clinical  manifestations  of  under-nutrition  or  chronic 
starvation  are  much  more  insidious  in  onset  and  usually  with¬ 
out  any  characteristic  signs.  If  the  weight  has  been  recorded 
regularly  the  chart  shows  a  failure  to  gain  in  weight  at  the 
normal  rate,  the  weight  curve  frequently  digressing  from  the 
average  growth  curve.  If  the  infant  is  brought  for  medical 
examination  and  there  are  no  previous  weight  records,  it  is 
usually  found  to  be  several  pounds  under  weight  for  its  age 
and  in  relation  to  its  birth-weight. 

'I'he  infant  looks  pinched  and  miserable,  and  often  has  a 
bluish  tinge  in  the  mucous  membranes  of  the  mouth  and  eyes. 
The  natural  rosy  tint  of  the  skin  is  missing  and  there  is  a  marked 
pallor.  The  skin  is  dry  and  lies  loosely  over  the  subcutaneous 
tissue  ;  the  muscular  tone  is  poor  and  there  is  undue  coldness 
of  the  extremities.  The  tongue  is  usually  dry  and  coated  and 
the  abdomen  frequently  distended.  The  mother  will  report 
that  for  the  previous  few  weeks  the  infant  has  passed  less  than 
average  amounts  of  urine  and  that  constipation  is  severe  and 
persistent. 

Both  types  of  case  are  accompanied  by  protein  starvation 
and  the  specific  treatment  for  this,  which  should  accompany 
the  correction  of  the  starvation,  will  be  given  under  that 
heading. 

d  he  guiding  principle  for  dietar}'  treatment  should  be  that 
the  infant  requires  considerably  more  food  and  water  than  a 
healthy  infant  of  the  same  age.  It  is  necessary  to  replace 
the  tissue  canniballized  during  the  starvation.  Starting  with 
small  amounts,  the  intake  should  be  worked  up  to  a  level 
appreciably  above  the  normal  for  the  age  of  the  infant. 

2.  PROTEIN  DEFICIENCY 

In  the  infant  protein  deficiency  is  usually  the  accompani¬ 
ment  of  inadequate  calorie  intake  ;  in  the  child  it  may  occur 
from  an  unbalanced  diet,  which  though  adequate  in  calories 
is  deficient  in  protein. 

I  here  is  now  accumulating  a  not  insignificant  body  of  facts 
which  suggests  that  an  inadequate  protein  intake  in  infancv 
and  early  childhood,  at  least,  may  lead  to  changes  in  the  liver 
It  has  long  been  known  that  during  short  periods  of  fasting 
or  feeding  on  diets  low  in  protein,  the  protein  content  of  the 
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liver  of  rats  decreases  rapidly.  Kosterlitz^  has  demonstrated 
that  the  protein  lost  is  actually  from  the  liver  cytoplasm. 
Regeneration  can  be  effected  by  feeding  diets  rich  in  protein. 

In  Africa^  and  the  West  Indies^  and  Mexico^  infants  dying 
of  acute  malnutrition  from  diets  almost  devoid  of  protein 
showed  profound  liver  changes.  An  analysis  of  the  liver  in 
fatal  cases  showed  a  fat  content  of  up  to  50  per  cent  of  the  fresh 
weight.^  Biopsies  from  the  livers  of  infants  who  were  very  ill, 


Fig.  14.— Increase  in  weight  of  infant  given  extra  protein  after  period  of 
chronic  starvation.  (Redrawn  from  F.  h .  Clements  s  article,  Some  Aspects  of 
Protein  Metabolism  in  Infants  and  Children  ”,  Med.J.  Aust.,  1946,  Sept.  21,  404-) 


but  who  recovered,  showed  disappearance  of  the  pathological 
changes  under  the  effects  of  high-protein  diets.  Waterlow^ 
noted  that  the  German  paediatricians  have  found  intense  fatty 
infiltration  of  the  liver  in  infants  fed  with  diets  rich  in  carbo¬ 
hydrates. 

A  great  deal  of  work  has  been  done  in  recent  years  on 
the  relationship  of  specific  nutrient  groups  known  as  the 
hpotrophic  factors  (e.g.,  choline)  and  the  thio-ammo  acids 
(e.g.,  methionine)  to  the  transfer  of  fat  away  from  the  liver.  > 
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Fatty  infiltration  of  the  liver  due  to  choline  deficiency  can  be 
removed  by  a  diet  rich  in  the  amino-acid  methionine. 

It  is  not  possible  yet  to  claim  a  direct  relationship  between 
3  pfotem-deficient  diet  and  hv'er  damage,  but  it  is  interesting 
to  note  that  in  some  chronically  ill-nourished  infants  an  other¬ 
wise  symptomless  enlargement  of  the  liver  does  respond  to  a 
high-protein  diet.  This  is  not  an  example  of  fat  intolerance, 
but  almost  certainly  of  protein  deficiency. 

'Fhe  first  sign  of  protein  deficiency  is  loss  of  weight  or,  as 
is  more  likely,  failure  to  gain  in  weight  at  the  normal  rate. 
The  other  outstanding  feature  is  poor  muscle  tone.  The 
muscles,  particularly  those  of  the  legs,  are  thin  and  fail  to  fill 
out  the  tissue  beneath  the  skin. 

Infants  with  advanced  protein  deficiency  do  not,  as  a  rule, 
develop  the  cedema  typically  seen  in  adults,  but  become  pale 
and  doughy-looking  owing  to  waterlogging  of  all  tissues. 
Investigations  in  Europe,  during  the  war  and  after,  recorded 
that  famine  cedema  is  rare  in  persons  under  15  years  of  age.” 

The  treatment  of  protein  deficiency  is,  of  course,  a  high 
protein  diet  {see  p.  182).  Figs.  13,  14  show  the  eflPect  of 
such  a  diet  on  an  acute  and  a  chronic  case  respectively. 

3.  DEHYDRATION 

A  mild  degree  of  inadequate  water  intake  is  common 
amongst  young  infants  during  hot  weather.  The  character¬ 
istic  features  are  restlessness  and  constipation. 

In  the  newborn  infant,  inadequate  water  intake,  especially 
in  hot  weather,  may  lead  to  the  development  of  high  fever 
(called  ‘  dehydration  fever  ’  by  Bakwin®).  Increased  rest¬ 
lessness,  sleeplessness,  and  drying  of  the  mucous  membranes 
are  the  first  signs  of  large  water  losses  or  a  markedly  inadequate 
intake.  I’he  minimum  amount  of  water  needed  for  the 
excretion  of  minerals  and  the  products  of  nitrogen  catabolism 
has  to  be  supplied  from  the  tissues  and  blood-stream,  and 
this  leads  to  tissue  and  hasmoconcentration. 

4.  THIAMINE  DEFICIENCY 

If  the  intake  of  thiamine  is  insufficient  to  ensure  the  com¬ 
plete  combustion  of  carbohydrates,  pyruvic  acid  accumulates 
in  the  blood-stream  and  tissues.®- 
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rhiamine  deficiency  in  infants  may  occur  as  a  partial 
depletion  of  thiamine  in  the  diet  or  as  frank  beri-beri,  the  result 
of  an  almost  complete  depletion. 

Partial  deficiency  has  been  reported  in  breast-fed  infants^ 
and  is  due  to  sub-optimal  quantities  of  thiamine  in  maternal 
milk,  which  in  turn  is  due  to  an  inadequate  thiamine  intake 
by  the  mother.  The  majority  of  infants  who  suffer  from  this 
condition  commence  to  develop  signs  at  about  fourteen  weeks 
of  age. 

The  three  signs  characteristic  of  the  condition  are  failure  to 
gain  in  weight  at  a  normal  rate,  constipation,  and  vomiting. 
Whilst  each  of  these  signs  is  common  in  infancy,  the  combina¬ 
tion,  together  with  their  relief  by  thiamine  administration, 
justifies  their  recognition  as  a  syndrome.  Coupled  with  these 
findings  is  the  fact  that  the  milk  of  the  mother  is  low  in  thiamine, 
namely,  about  5  pg.  per  100  c.c.,  whereas  the  normal  value  is 
about  15  pg.  per  100  c.c.^^ 

Since  cow’s  milk  is  three  times  richer  in  thiamine  than 
human  milk,  it  follows  that  partial  thiamine  deficiency  does 
not  occur  in  artificially  fed  infants.  If  the  mixture  fed  is  so 
low  in  thiamine  as  to  produce  signs  of  deficiency  it  would  be 
so  deficient  in  calories  and  protein  as  to  produce  signs  of  these 
deficiencies  before  that  of  thiamine. 

Thiamine  medication  to  the  infant  will  remove  the  signs 
within  five  days.  This  should  be  coupled  with  thiamine 
medication  of  the  mother  and  a  close  scrutiny  and  adjustment 
of  her  diet.  Thiamine  medication  of  the  infant  should  take 
the  form  of  synthetic  thiamine,  the  dosage  for  the  first  few 
days  should  be  3  mg.  daily,  reduced  to  i  mg.  daily  after  a 
week.  Vegetable  and  yeast  extracts  have  a  limited  place  in 
thiamine  therapy  or  even  prophylaxis.  The  thiamine  content 
of  these  preparations  ranges  from  almost  nil  to  6000  pg.  per 
100  g.,  with  the  majority  lying  between  2000  and  6000  pg. 
Thus  a  teaspoonful  (about  4  g.)  would  provide  no  more  than 
240  pg.  (0-24  mg.),  which  is  well  below  the  therapeutic  dose. 
It  should  be  appreciated  that  the  practice  of  giving  infants 
I  teaspoonful  daily  of  these  products  contributes  from  20  to 
60  pg.  of  thiamine  daily,  or  from  10  to  30  per  cent  of  the  daily 
requirements,  depending  on  the  brand  of  the  extract  used  and 
the  age  of  the  infant. 
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5.  ASCORBIC-ACID  DEFICIENCY 

Ascorbic  acid  is  essential  for  the  formation  of  the  inter¬ 
cellular  cement  of  soft  tissues  and  for  the  healthy  activity  of 
the  osteoblasts  and  odontoblasts  in  bone  formation  and  in 
dentine  respectivelv.^^”^**  An  inadequate  intake  of  vitamin  C 
in  the  diet  will  be  followed  by  progressive  changes  in  these 
tissues.  In  bone  the  deposition  of  new  bone  ceases,  while 
the  resorption  of  bone  by  osteoclasts  continues,  leading  ulti¬ 
mately  to  thin,  weak,  compact  and  cancellous  bone.  In 
cartilage  deposition  of  intercellular  substance  ceases,  with 
subsequent  weakness  in  structure,  which  is  most  marked  on 
the  diaphysial  side  of  the  epiphysial  plate.  It  is  here  that 
separation  of  the  epiphysis  occurs. 

Lack  of  intracellular  material  in  and  around  capillaries  leads 
to  the  development  of  petechial  haemorrhages  in  the  skin  and 
mucous  membranes  and  weakens  the  union  between  periosteum 
and  bone,  allowing  the  former  to  be  easily  raised  by  escaping 
blood  and  hence  giving  rise  to  the  subperiosteal  haematoma. 

In  general  the  level  of  ascorbic  acid  in  the  blood-plasma 
reflects  the  intake,  and  persistently  low  values,  i.e.,  less  than 
0*4  mg.  per  100  c.c.,  are  suggestive  of  a  prescorbutic  state, 
although  values  of  o-o  mg.  per  100  c.c.  have  been  recorded  in 
apparently  healthy  infants.^"  Conversely,  the  reverse  has 
been  noted,  for  Ingalls^®  recorded  the  plasma-ascorbic-acid 
values  in  15  cases  of  infantile  scurvy  as  follows  : — 


5  cases  .  .  Nil 

2  cases  .  .  0-0  05  nig. 

3  cases  .  .  0'o6— O'l  ing. 

3  cases  ..  o-i  1-0-15  mg. 

2  cases  .  .  o-i6  mg. 


The  clinical  manifestations  will  depend  upon  the  degree  to 
which  the  infant  has  been  depleted  of  ascorbic  acid.  Thus 
subclinical  as  well  as  full  clinical  degrees  of  scurvy  have  been 
recognized. 

a.  Subclinical  Scurvy.— The  weight  cur\T  gives  the  first 
clue  that  all  is  not  well.  The  infant  ceases  to  gain  or  gains 
at  a  rate  well  below  the  normal.  It  is  irritable  and  peevish 
and  the  mother  reports  that  the  appetite  is  poor.  The  onset 
IS  insidious  and  it  is  only  when  the  infant  has  failed  to  gain 
weight  satisfactorily  for  three  to  four  weeks  that  the  diagnosis 
can  be  suspected.  The  dietary  pattern  is  constant.  In  our 
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series  we  found  that  the  infants  had  been  fed  on  a  cow’s-milk 
mixture  for  about  four  months  with  quite  inadequate  supple¬ 
ments  of  ascorbic  acid.  The  usual  story  was  that  the  mother 
had  offered  the  child  orange  juice  which  it  had  rejected,  and 
the  mother  had  not  persevered. 

The  availability  of  synthetic  ascorbic  acid  in  tablet  form 
now  offers  an  easy  and  effective  substitute  for  orange  juice 
for  those  infants  who  will  not  take  the  latter.  In  treating 
cases  of  subclinical  scurvy  it  should  be  remembered  that  these 
infants  need  a  therapeutic  and  not  a  prophylactic  dose,  and 
that  they  should  be  given  at  least  100  mg.  ascorbic  acid  daily, 
preferably  in  four  divided  doses,  for  at  least  two  weeks  following 
diagnosis. 

b.  Clinical  Scurvy. — This  is  in  a  different  category.  The 
condition  is  fully  described  in  text-books  on  paediatrics. 
Diagnosis  is  usually  easy,  and  the  treatment  clearly  defined. 
It  will  not  be  discussed  further  here. 

c.  Ascorbic  Acid  Requirements  in  Special  Circum¬ 
stances.— An  adequate  concentration  of  ascorbic  acid  in  the 
tissues  is  desirable  under  all  circumstances  but  is  particularly 
necessary  in  three  ; — 

i.  Wound  Repair. — The  experiments  of  Hunt^^  and 
Crandon^®  have  conclusively  demonstrated  that  an  adequate 
supply  of  ascorbic  acid  in  the  tissues  is  essential  for  wound 
repair.  In  frank  scurvy,  wounds  will  not  heal.  For  satis¬ 
factory  wound  repair  the  formation  of  intercellular  material 
is  essential,  and  this  will  not  happen  in  the  absence  of  ascorbic 
acid.^®> 

a.  Union  of  Fractures. — It  has  been  demonstrated  that 
ascorbic  acid  is  essential  for  the  formation  of  callus  in  experi¬ 
mental  fractures  in  animals.^®’  “  Without  adequate  supplies 
of  this  vitamin  the  osteoblasts  fail  to  deposit  bone  tissues. 

Hi.  Infections. — A  series  of  carefully  controlled  observa- 
tionsi®-“i  have  demonstrated  that  vitamin-C  requirements  are 
greatly  increased  in  infectious  states.  \\  hether  the  invading 
organism  has  a  high  priority  for  the  vitamin  has  not  been 
demonstrated,  but  it  has  been  found  that  the  plasma- 
ascorbic-acid  levels  in  persons  suffering  from  infections  is 
only  50  per  cent  of  that  in  normal  individuals  of  the  same 

economic  social  grouping.^^ 


237 


disturbances  of  metabolism 

Thus  as  a  precaution  all  infants  should  be  given  a  pre¬ 
operative  treatment  with  ascorbic  acid,  which  should  be 
cLtinued  in  the  convalescence.  Similarly  all  fracture  cases 
should  receive  additional  quantities  of  the  vitamin,  both 
during  any  infectious  disease  and  throughout  the  convalescence 
and  for  some  time  after,  infants  should  be  given  extra  ascorbic 
acid.  In  all  these  circumstances  the  dosage  should  be  from 
75-100  mg.  daily. 


6.  DEFECTIVE  CALCIFICATION  OF  NEW 

BONE 

Growth  in  both  the  length  and  the  thickness  of  bone  occurs 
by  the  deposition  of  calcium  salts  on  the  newly  formed  bone 
at  the  growing  points. If  there  is  insufficient  calcium  at 
these  points  calcification  does  not  take  place  or  takes  place 
at  a  rate  which  is  slower  than  the  rate  of  growth  of  the  cartilage. 
The  band  of  uncalcified  cartilage  is  thus  much  wider  than  in 
the  normal  infant.  The  relationship  between  deposition 
(osteoblast  activity)  and  resorption  (osteoclast  activity)  is 
disturbed,  with  the  result  that  in  severe  forms  the  end  of  the 
shaft  widens  into  a  cup-shaped  deformity. 

At  least  two  factors  are  responsible  for  an  adequate  supply 
of  calcium  at  the  site  of  bone  growth  :  (a)  an  adequate  intake 
of  calcium  ;  and  (b)  an  adequate  supply  of  vitamin  D  in  the 
tissue.  These  have  been  discussed  at  length  on  pp.  189  and 
198.  The  clinical  manifestations  of  insufficient  calcium  intake 
will  depend  on  the  severity  of  the  condition.  Alilder  forms 
are  only  detectable  by  radiographic  examination  of  long  bones, 
whilst  the  advanced  forms  have  clinical  signs. 

In  the  more  severe  types  the  cup-shaped  deformity  of  the 
end  of  the  diaphysis  is  evidence  of  enlargement  of  the  joint. 
Because  of  the  softness  of  the  bones  pressures  either  positive 
(skull)  or  negative  (chest)  result  in  bony  deformities. 

These  changes,  commonly  known  as  rickets,  are  most 
frequently  seen  on  infants  from  four  to  twenty-four  months 
of  age  and  the  diet  usually  associated  with  this  disturbance 
of  metabolism  is  one  high  in  carbohydrate  and  low  in  protein 
and  calcium.  It  will  be  appreciated  from  the  foregoing 
description  that  these  changes  occur  in  infants  who  are  growing, 
and  particularly  in  those  growing  rapidly.  This  type  of 
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metabolic  change  is  not  found  in  the  infant  whose  weight  is 
stationary.  Hence  the  lack  of  scientific  justification  for  giving 
additional  vitamins  A  and  D  to  the  latter  type  of  infant.  The 
association  of  rickets  with  rapid  growth  and  an  unbalanced 
diet  means  that  many  infants  with  this  condition  are  fat  and 
flabby — the  so-called  ‘  soft  carbohydrate  baby  ’. 

The  infant  who  does  not  grow  exhibits  the  opposite  type  of 
change  in  bone  structure.  The  absence  of  growth  of  cartilage 
allows  heavy  calcification  of  the  existing  calcified  cartilage  at 
the  growing  ends  of  bone.  Radiographically  this  is  seen  as 
a  heavy  line  of  calcification.  Frequently  radiographs  show 
a  number  of  such  lines  along  the  shaft  of  the  bone,  each 
corresponding  to  a  period  of  arrested  growth. 

Serum-calcium  is  usually  normal  in  rickets,  whilst  the  serum- 
phosphate  is  low,  frequently  as  low  as  0*2  mg.  for  100  c.c. 
(normal,  5-6  mg.  per  100  c.c.).  Serum-phosphatase  is  raised, 
and  frequently  the  rise  precedes  any  radiographic  signs,  as 
Morris  and  his  colleagues“^  found.  In  a  group  of  cases  he 
found  high  serum-phosphatase  values  but  normal  radiographs  ; 
however,  four  to  six  months  later  the  serum-phosphatase  was 
still  high  and  the  radiographs  showed  signs  of  rickets.  In 
untreated  cases  of  rickets  the  serum-phosphatase  rises  as  the 
condition  progresses,  but  falls  when  treatment  is  instituted, 
i.e.,  when  circumstances  are  such  that  phosphatase  is  used  up 
in  the  deposition  of  calcium. 

The  prevention  of  these  defects  in  calcification  lies  in 
adequate  pre-natal  diet  and  in  a  balanced  post-natal  diet  with 
sufficient  intake  of  calcium,  together  with  adequate  amounts 
of  vitamin  D  in  the  infant’s  body.  Treatment  consists  in  a 
review  of  the  diet  and  therapeutic  doses  of  vitamin  D,  i.e., 
from  1500—2000  i.u.  of  vitamin  D  daily  or  one  dose  of  vitamin 
D3  {see  p.  223). 


7.  IRON  DEFICIENCY 

The  manner  in  which  iron  deficiency  or  nutritional  anaemia 
can  develop  in  infants  has  already  been  discussed  {see  pp.  2/, 
194).  The  paediatrician  whose  experience  is  limited  to  the  care 
of  sick  children  may  conclude  that  the  incidence  of  anaemia  is 
high  in  infants.  Cunningham^^  looked  for  this  condition  in 
several  hundred  normal  infants  about  6  months  old  who 
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were  in  regular  attendance  at  mothercraft  centres  in  Sydney 
suburbs.  He  found  that  7-6  per  cent  had  less  than  lo-o  g. 
of  haemoglobin  per  100  c.c. 

This  type  of  anaemia  is  characterized  by  a  normal,  high,  or 
low  erv'throcvte  count,  a  low  haemoglobin,  and  a  marked  micro¬ 
cytosis  and  hypochromia.  I'he  onset  is  insidious  and  pallor 
is  the  most  constant  sign.  In  the  mild  forms  the  condition 
does  not  progress  beyond  pallor,  but  in  the  more  severe  forms, 
or  when  the  condition  has  persisted  for  several  months,  the 
infant  has  loss  of  appetite,  fatigue,  and  flabby  musculature. 
It  should  be  appreciated  that  infection  accentuates  anaemia, 
but  whether  anaemia  increases  susceptibility  to  infection  has 
not  been  proven. 

The  relationship  of  anaemia  to  poor  appetite  has  been  noted 
by  several  workers,  and  presumably  is  due  to  poor  utilization 
of  nutrients  in  the  cells  owing  to  insufficient  oxygen. 

Iron-deficiency  anaemia  responds  rapidly  to  large  doses  of 
iron. 

8.  FAT  INTOLERANCE 

In  Chapter  VII  it  was  shown  that  there  are  two  stages  in 
the  absorption  of  fat — first,  digestion,  and  then  absorption 
from  the  lumen  of  the  gut.  Fat-splitting  enzymes  are  the 
last  to  develop  to  full  potency,  and  in  addition  it  seems  that 
in  some  infants  there  may  be  defective  absorption  of  the 
products  of  fat  digestion.  When  this  happens  a  high  percen¬ 
tage  of  the  fat  of  the  diet  remains  in  the  bowel  to  be  excreted. 
This  produces  both  general  and  local  effects.  The  lack  of 
absorption  of  fat  means  that  the  infant  is  undercaloried,  with 
subsequent  loss  of  weight.  The  unabsorbed  fat  in  the  intestine 
sets  up  irritation,  with  pain,  diarrhoea,  and  less  frequently 
vomiting. 

If  not  recognized,  this  condition  leads  to  an  emaciated, 
miserable  infant.  In  these  cases  it  is  rare  to  find  any  enlarge¬ 
ment  of  the  liver  as  is  sometimes  seen  in  malnourished  infants 
whose  diets  are  low  in  protein. 

As  infants  who  suffer  from  fat  intolerance  are  usually 
artificially  fed  with  mixtures  too  rich  in  fat,  treatment  consists 
in  changing  the  mixture  to  one  rich  in  protein  and  carbohydrate 
and  low  m  fat,  i.e.,  to  a  mixture  similar  to  that  used  in  the  treat¬ 
ment  of  infants  with  enlarged  liver  due  to  protein  deficiency. 
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